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ABSTRACT
Cows diagnosed as having clinical mastitis and from
two sire selection lines were compared to assess
>

differences in somatic cell count scores, duration of
clinical episode and number of antibiotic treatments
applied.

The effect of various environmental factor and

type traits on somatic cell count score (SCCS)

and on the

duration of the episode was investigated and the amount
and cost of discarded milk was calculated.
Data consisted of multiple observations on cows

•

diagnosed as clinically infected at least once during a
lactation.

Single trait (ST) cows were daughters of

sires selected based on predicted differences for milk.
Multiple trait (MT) cows were daughters of sires selected
based on an index of milk,

fat,

and type.

Single trait cows had significantly lower SCCS, had
longer clinical episodes and received more antibiotic
treatments than MT cows.

Least squares mean estimates

for SCCS were 1.71 for the ST line and 4.86 for the MT
line.

Means for days of discarded milk were 16.70 days

for the ST line and 7.80 days for the MT line.

Estimates

for number of treatments were 24.58 for the ST line and
13.44 for the MT line.

These differences increased

across generations.
Results indicated that slower milking cows tended to

xiv

have lower SCCS,

longer episodes and receive more

antibiotic treatments.

Cows with larger udders before

milking had shorter episodes and received less
treatments.

Cows with larger udders after milking had

longer episodes and required more treatments.

Taller

cows and cows with higher udders had higher SCCS and
shorter episodes.
Single trait cows had significantly more milk
discarded due to antibiotic treatment than MT cows.
Means for amount of discarded milk for the ST and MT line
were 360.81 kg and 250.99 kg,
was, however,

respectively.

The ST line

significantly higher for milk production

even after deducting milk losses.

Amount of discarded

milk was negatively associated with size of udder area
before milking,

udder height and wither height and

positively associated with size of udder area after
milking and machine time.
Use of some mastitis traits in selection and culling
decisions may be necessary.

xv

INTRODUCTION

Mastitis is recognized worldwide as one of the most
costly diseases affecting dairy production.

Blosser (7),

classified major losses due to mastitis into seven
categories:

1) realized and unrealized reduced milk

production;

2) milk discarded because it contained

antibiotics or was of abnormal composition;

3) cost of

veterinary services to treat acute and chronic m as ti ti s;
4) costs of drugs purchased by dairymen for intramammary
infusion;

5) cost of increased labor to care for

mastitic cows;

6) decreased sale value of cows sold for

dairy purposes and 7) increased herd replacement costs
when cows were culled because of mastitis.

The estimated

dollar losses due to mastitis for the United States dairy
industry have been set as high as 1,294 million dollars
per year.

Estimates of losses in milk production

attributable to mastitis range from 5 to 25% (7,49).
Losses of such magnitude encourage exploration of all
methods of reducing infection.
Selection programs in the dairy industry have
primarily emphasized production traits such as milk and
fat rather than overall economic efficiency.

This poses

the question as to the long term effects of such programs
1

2
on other traits of economic importance.

Several resear

chers have warned that selection for yield traits alone
may result in deterioration of non-yield traits (1,2,73).
Profits in dairy production may be influenced by non 
yield traits such as reproductive fitness, disease
resistance, milking efficiency and body conformation.
Reproductive performance has received attention in
the development of profit functions,
and herd culling guidelines

(61,120).

herd health records
However,

economic

losses associated with clinical mastitis have seldom been
referenced or included in herd health programs (81).

If

there are interrelationships that tend to increase the
frequency of mastitis in highly productive but genetical
ly disease susceptible animals,

a hazard is posed to

future generations of dairy cattle.
Legates and Grinnells

Lush (62) and

(59) suggested that based on

individual and family variation in the occurrence of
mastitis,

there is a possibility of using selection to

reduce infection rate.

Smith and Schultze (131) indi

cated that it may be possible to use a simple index to
select cows for inherent resistance to mastitis.
The S-49 Southern Regional Dairy Cattle Breeding
Project is entitled Genetic Methods of Improving Dairy
Cattle for the South.
project are:

Some of the objectives of the

1) to determine direct response to selection

for milk and the resultant correlated responses in non-

3
yield traits,

2) to define and evaluate selection

criteria for total economic merit or profit and 3) to
quantify genetic and environmental components of underly
ing physiological characters responsible for genetic
gains in economically important traits (6).

A recent

phase of the project was an examination of two alterna
tive sire selection strategies.

Single trait (ST) sires

were selected for milk yield only based on predicted
difference for milk (PDM).

Multiple trait (MT) sires

were selected using an index combining milk yield,
yield and overall or final type score.

fat

Weighting was

3:1:1 milk to fat to type based on predicted difference
for milk (PDM), predicted difference for fat (PDF) and
predicted difference for type (PDT).
The objectives of this study were to compare
daughters of ST and MT sires diagnosed as having clinical
mastitis in order to assess differences in 1) somatic
cell count score, 2) duration of clinical episode and the
number of treatments applied,

3) the effect of various

environmental factors and milking and type traits on milk
somatic cell count score and the duration of the clinical
episode and 4) the amount and cost of discarded milk due
to antibiotic treatment.

LITERATURE REVIEW

Efficient milk production is the primary objective
of dairy cattle breeding programs.

Profit in dairy

production depends on income over production, costs.
Increased production costs due to diseases reduce the
profit margin to the producer.

Therefore,

attemps to

reduce the magnitude of such extra costs are well
justified.
Recently there has been renewed interest in con
sidering health disorders as a parameter in the selection
and culling of dairy cattle.

Reproductive disorders have

been studied from the genetics standpoint and have been
incorporated into breeding management decisions
However,

other diseases,

(61,120).

like mastitis, have not received

enough attention as possible traits for inclusion into
selection indexes,

even though mastitis is recognized as

the most costly disease to the dairy producer.
The main reason for this has been the inconsistency
or lack of reporting incidence of mastitis at the
producer level.

With the increased use of computers on

the farm, there exists the possibility of recording
occurrences of mastitis in the herd and of incorporating
such data into selection and culling schemes.

4

Somatic

5
cell count data collected through the DHI program could
be included in such herd health programs.

I.

BACKGROUND

The term mastitis is derived from the Greek "mastos"
(breast) and the suffix "itis"
is caused by infection,
physiological change

injury,

(123).

(inflammation).

secretory malfunction or

The actual definition of

mastitis may vary depending upon the source.
National Mastitis Council

Mastitis

The

(85), defines mastitis as an

inflammation of the mammary gland resulting from b a c 
terial presence within the gland.

Giesecke

gested a more descriptive definition:
inflammation of the mammary gland.

(38) sug

" Mastitis is

It is characterized

by pathological damage to the mammary epithelium,
followed by subclinical and/or clinical inflammatory
reactions.

Their magnitude may cause localized and/or

generalized pathological chan ge s" .
This definition introduces the terms subclinical and
clinical mastitis.

As with other diseases,

the clinical

condition shows visible signs of abnormalities including
locally red, hot,

swollen,

irritated, hardened udder,

abnormal milk composition,

and/or systemically elevated

temperature,

etc.

listlessness,

Subclinical mastitis is

not visible and can be verified only through bacteriolog
ical sampling.

In some instances indirect methods are

6
used to indicate bacterial infection (42).
Veterinarians tend to classify mastitis as subacute,
acute,

gangrenous and chronic

(35,42).

is the most prevalent with 15 to 20
of acute mastitis.

Subacute mastitis

cases for every case

Subacute mastitis is detected by

localized mammary response to infection with no apparent
systemic response.

The milk is visibly normal, however,

the concentration of leukocytes in the milk increases,

or

pathogens can be identified if milk samples are cultured.
Subacute mastitis occurs before the other forms of
mastitis and often develops into clinical mastitis.
Acute mastitis is characterized by hot, painful and
swollen quarters,
appetite.
blood.

accompanied by fever and loss of

The milk contains flakes,

clots,

Milk yield is severely depressed.

mastitis,

shreds, or
In gangrenous

the affected quarter has a bluish discoloration

and is cold to the touch.

The discoloration proceeds

from the teat upward as the infection advances.

Animals

frequently die especially if the infection spreads to
other parts of the body (35,42)
Chronic mastitis is characterized by,
clinical attacks.

repeated

The milk contains clots or flakes,

the quarter may be swollen.
quarter to become hard.

Repeated attacks cause the

Infections may change from

clinical to subclinical and persist for months and/or
lactations

(35,42).

and
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The dynamics of udder infection may be expressed as
a percentage of cows or quarters infected.

Dodd (25)

defines "infection level" as the product of infection
»

rate and infection duration.

To insure proper comparison

of infection level between cows, herds or experiments,

it

is essential to clearly define infection level in terms
of clinical or bacterial presence.

Valid comparisons can

be made only between herds of similar management p r a c 
tices.

Use of preventive measures such as dry cow

treatment, postmilking teat dip.

and lactation therapy

can greatly alter both new infection rate and infection
duration (91).
It has been established that over 80 organisms can
lead to mastitis within the bovine mammary gland.
Staphylococcus a u r e u s , Streptococcus agalactiae

and

Bacillis are responsible for 50 to 95% of mastitis
infections (5,26,42,107).

In herds where teat dipping

and dry cow therapy are absent,

80 to 95% of infections

are caused by S_;_ aureus and S__v agalactiae.
of environmental bacteria

High levels

(Klebsiella, E . c o l i , etc.) may

be indicative of poor sampling technique since these
environmental bacteria are common on the udder surface,
bedding material,

and general cow environment (133).

Streptococcus agalactiae is endemic to the udder and
under proper management may be erradicated.
of its complex etiology,

As a result

diverse symptoms and limited
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alleviation methods,
probable

erradication of mastitis is not

(26).

Milk composition is altered during and/or immediately following mastitis infection.

Milk composition is

altered by increased protein of blood origin and de
creased protein of mammary origin.

Initial increased

blood serum albumin may result from increased capillary
permeability whereas increased immunoglobulins may be
from active transport or localized production (9).

Fat

composition is altered and net triglyceride synthesis .is
decreased.

Elevated levels of free fatty acids occur in

mastitic milk (111).

Concentrations of lactose,

and potassium are decreased,
(SCC), catalase,
(58,112,136,140).

sodium,

calcium,

while somatic cell count

chloride and pH are increased

Kitchen (54) offers a thorough review

of milk composition changes resulting from bacterial
invasion.

A.

Detection Methods
The most precise methods to detect subclinical

mastitis utilize serological findings from plated milk
samples taken by aseptic technique

(85).

Indirect

techniques include the California Mastitis test (CMT),
Wisconsin Mastitis test (WMT), machine somatic cell count
(SCC) and others.

These tests utilize increased SCC as a
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measure of the health status of the animal.

Careful

interpretation of these methods is essential.

Increased

SCC, incresed pH and increased chloride content of milk
are characteristic of early and late lactation animals as
well as mastitic animals.

These tests often rely on milk

composition change for a milk component which is not
constant over a lactation.

Thus,

a fresh cow or late

lactation cow may give false positive results.
The indirect measure of mastitis presently receiving
most attention is somatic cell count (SCC).

In both

.

clinical and subclinical infections, within 24 hours,
elevation of somatic cells in the milk occurs.
same time,

an

At the

a shift occurs in the relative proportions of

the several types of cells in milk (57).

Phagocytic

cells have other roles in addition to combating pathoge
nic invaders.

They seek out and eliminate tissue debris

and foreign matter in the udder (57).
occurs,

When infection

cell types shift and neutrophils migrate into the

udder from the blood during the inflammation (55).
From a milk quality standpoint,

milk from individual

producers shipped for fluid consumption must not exceed
100,000 bacteria/ml or 1 million somatic cells/ml

(57).

This ensures wholesomeness and minimizes possible disease
transmission from pathogenic organisms prior to pas
teurization.

Maximun bacteria count is seldom a problem

for the producer unless many cows are subclinical since
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milk with low bacteria counts will dilute milk with high
bacteria counts.

However, maximum SCC ma y create

problems in the Southern states where SCC tends to be
elevated.

From the processor standpoint this means lower

yields of dairy products,

since high SCC are associated

with constituent protein change from casein to whey
components

B.

(40,122).

Bacteriological Identification
Aseptic sampling techniques are described in the

National Mastitis Council Publication (84).
be refrigerated or frozen.

Generally,

Samples may

0.01 ml of

vortexed inoculum (fresh or thawed) is plated on a base
of trypticase soy agar or tryptose blood agar.

Plates

are incubated at 35 to 37 °C for 18 to 24 hours.

After

examination plates are incubated for another 24 hours.
Suspect S_;_ agalactiae are plated on CAMP-esculin agar and
grown at 37 °C for 18 to 24 hours.

Staphylococcus aureus

is distinguishable from other staphylococci through a
coagulase test, which involves incubation in a 37 °C
water bath for 1, 2, 4 and 24 hours.

If no growth occurs

after incubation of an obviously abnormal milk sample,
further incubation at other temperatures or under
anaerobic conditions may prove useful

(84).
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C.

Somatic Cell Utilization
Number and type of somatic cells found in milk vary

under different physiological and pathological condi
tions.

Leucocytes found in milk originate in the blood

and infiltrate into the milk primarily in response to
tissue injury (123).

Since host response to mammary

gland bacterial infection is infiltration of leucocytes,
high SCC can be indicative of mammary gland infection.
There are various methods of counting somatic cells.
Direct microscopic somatic cell count (DMSCC) is commonly
used when few samples are analyzed daily.
several recognized drawbacks:

The DMSCC has

(a) distribution of cells

in smears may not be homogeneous;

(b) identification of

some structures requires subjective decisions;

and (c)

multiplication of microscopic field intensifies error.
All these points may lead to considerable error (44).
When large sample numbers are to be evaluated daily,
electric particle counting machines are used.
instrument,

the Coulter counter,

One such

is based on the prin

ciple of counting individual cells of a specific particle
size suspended in an electrolyte solution.

The major

problem with the Coulter SCC is overlaping size range of
somatic cells and milk fat globules.

This can be

overcome by centrifugation or chemical treatment with
nonionic wetting agents.

The ease of chemical treatment
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has become a more widely accepted alternative than
centrifugation (109).
The Fossomatic machine

(44) is an instrument which

counts somatic cells using fluoro-optical techniques.
Milk is diluted with a buffer solution and mixed with
ethidium bromide.

Fluorescent cells are then counted.

Output is 180 samples per hour in this fully automated
machine.

Schmidt-Madsen (125) reported that Fossomatic

and Coulter counts had equally high correlations with
DMSCC.

Heald et al.

(43) compared Fossomatic with DMSCC

and concluded that Fossomatic counts were satisfactory
for central laboratory use in DH1 records.

However,

other work (46,47) has shown that Fossomatic and Coulter
results may differ significantly,

because the operating

principles of the two instruments are different.
et al.

Hoare

(47) showed that Coulter counts were consistently

higher than Fossomatic counts.

Heating of Coulter

samples to 55 °C for 15 minutes prior to fixation reduced
the difference.

Hill et al.

(46) reported that samples

to be counted with the Coulter machine which were heated
to 55 °C for 30 minutes prior ho fixation,

gave counts

equivalent to those from Fossomatic machines.
Miller et al.

(76) compared Fossomatic and Coulter

counts on fresh milk and stripping samples with high and
low SCC.

Coulter counts were higher than Fossomatic

counts for strippings.

DMSCC were lower than both
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machine counts.

For foremilk, means were not sig

nificantly different.

Fossomatic counts incubated at 60

° C for 15 minutes were higher than counts incubated at 40
°C due to greater dye penetration.

They concluded that

fresh milk samples can be counted successfully by the
Fossomatic machine.

D.

Factors that Affect Susceptibility to Mastitis
Susceptibility of dairy cattle to mastitis depends

upon the immune system ability to defend against microor
ganisms.

Smith and Schultze

(131)

suggested the posibil-

ity that the difference in susceptibility to udder
infection may be an expression of variability in the ease
with which bacteria traverse the tea.t canal and the
ability of the bacteria to multiply within the udder.
1.

Resistance mechanisms within the mammary gland

Once bacteria penetrate the streak canal,

the course

of infection is influenced by components of mammary
secretion (99).

McDonald and Anderson (67,68,69) infused

bacteria into the teat cistern of the udder in order to
find out the composition of secretion and resistance fac
tors.

They noted that the proportion of quarters

becoming infected was higher prepartum than in the early
dry period.

They suggested that this is problably

because the survival and growth of invading bacteria may
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depend,

in part,

on the availability of nutrients.

They

proposed that nutrient availability varies with the
changing composition of the secretion,
involution and colostrogenesis.

especially during

Bacteria may also be

affected by specific protective factors in mammary
secretions, which vary markedly during the early dry
period and prepartum.

This variation may be due to

differences in secretion composition or to differences in
concentrations of protective factors like phagocytic
cells,

lymphocytes,

immunuglobulins and lactoferrin (55).

There have been attempts to increase mammary gland
resistance to bacterial colonization.

Use of Intramam

mary devices (IMD) to increase milk somatic cells has
received considerable attention (21).

Implantation of an

IMD triggers a host response of increased leucocyte
infiltration into the mammary gland.'

Quarters implanted

with abraded IMD's showed increased resistance (decreased
new infection rate) to experimental challenges of Eh_ coli
and S_^ uberis

(12,13,104) and infections of S_;_ agalactiae

and Sj_ aureus (14).

Although IMD use on a commercial

basis is far from accepted,
handled,

the technique,

if properly

is thought to accomplish what lactation therapy

cannot, protection against gram negative organisms (105).
Another approach to increase resistance to mastitis
is through immunization.

Vaccination against the two

major gram positive pathogens

(S. agalactiae and
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aureus) has been attempted (72).

Due to the cell wall

structure of S_^ a u r e us , it is highly resistant to many
antibiotic treatments used for S_._ agala ct i ae .

Vaccina

tion against Streptococcus has been unfruitful,
fore,

there

large emphasis has been geared toward development

of staphylococcal vaccines.
strains,

As both bacteria have many

it is unlikely that a one shot "cure all"

vaccine will be manufactured (72).

Effectiveness of S .

agalactiae vaccines have been shown to depend on both the
cow and environmental conditions.

In herds where a large

percentage of clinical cases arise from the same strain
of bacteria, prepared autogenous vaccines have been
effective
2.

{12).

Variations in the teat opening and streak canal

It is generally agreed that the streak canal is the
primary barrier to intramammary infection.

Invading

organisms initially gain entry through the teat opening.
Pathogens must travel via the teat canal to reach the
milk secretory tissue.

The canal presents a barrier in

two ways: physical and chemical.

Physically,

the length,

width and the physical form of the canal lining may
influence the passage of bacteria

(17).

Chemically,

it

has been postulated that sebaceous cells in the streak
canal secrete a sebum-like product called keratin that
seals the canal between milkings and that the material
has antibacterial properties

(17).
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The times and degrees to which the teat end is open
depends upon the relaxation and contraction of the
sphinter muscle around it.
milk removal,

and therefore,

The sphinter also influences
there may be a conflict

between mastitis resistance and
3.

rapid milk removal

(74).

Rate of milking

Rate of milking has been referred to as an economi
cally important trait and one which could be considered
in selection schemes.

However,

it has been suggested

that high milking rate and resistance to mastitis may.be
negatively correlated (28).

This arises from the

possible relationship between size of the streak canal
opening and rate of milking to mastitis resistance.

Cows

whose streak canals are wider in diameter milk out faster
(28).

However, McDonald (66) suggested that the wider

teat canal may also permit bacteria to enter the streak
more readily, particularly during milking when the smooth
muscle in the streak canal walls relaxes.

He also

reported that streak canal diameter increases significan
tly from first to second lactation and that this may
contribute to the increase in infection rate associated
with age.

4.

Phagocitosi s

Destruction of foreign particles by phagocytic cells
within infected tissue is a major defense mechanism of
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animals against disease

(74).

These cells include

macrophages and primarily neutrophils.

Along with lym

phocytes they are the cells most frequently found in milk
samples.

Paape et al.

(103) recognized that the ability

of these cells to destruct foreign particles depends on
many factors, but seems to reflect animal individuality.
The phagocitic action is determined not only by the com
petence of the phagocytic cell but also by immune system
products (74).
5.

Immune response

The cows immune response system has been recognized
as an important factor in the defense against invading
bacteria that cause mastitis

(55).

Much remains to be

discovered concerning specific immune responses to
mastitis causing organisms.

The concentration of

immunoglobulins is usually high in colustrum, but this is
likely to be for the direct benefit of the calf.

Locally

synthesized immunoglobulins may represent an early stage
of the specific defense against mastitis as they may ag
glutinate bacteria and interfere with their adherence to
the epithelium of the streak canal, and ducts (55).

E.

Economic Impact of Disease

Mastitis is said to be one of the most costly
diseases affecting dairy cattle

(7,24,49,85).

Although
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few comparisons between mastitis and other diseases of
dairy cattle have been made

(34,81),

estimated expenses

per cow per year range from $23 to $295

(7,24,90).

Economic losses due to mastitis are generally separated
into seven categories:

loss in milk production,

creased replacement costs, discarded milk,
veterinary fees, extra labor,

in

drug costs,

and loss of genetic

potential due to premature culling (7,24).

Change in

milk composition is seldom referenced , yet it can be
detrimental to those dairymen paid by component pricin'g
or paid a premium for low SCC (40).
Richter (117) indicated that mastitic milk requires
more time than normal to make cheese,
reduced,

cheese yields are

there is a slight flavor problem that worsens

with age of cheese,
the whey.

and more fat and protein are lost in

Leavitt et al.

(56) collected milk from 10

infected cows and processed 132 vats of cheese.

Cows

then received intramammary treatment and served as their
own control.

After treatment with antibiotics,

declined from 290,000 to 200,000 cells/ml,
increased by 4.5 %, and milk solids,

SCC

cheese yield

fat, protein and

casein increased significantly.
The higher free fatty acids in mastitic milk
inhibits starter growth during cheese production.
higher pH,

The

sodium and chloride concentrations adversely

affect rennet coagulation,

decreases curd firmness,

and
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reduces cheese quality (54).
As a result of its etiology,
difficult to detect.

Therefore,

subclinical mastitis is
reliable or realistic

estimates of economic losses are difficult to assess.
The large expense range is primarily due to differences
in assumptions used in calculations,
prices, mastitis diagnosis,
on.

fluctuating market

and data collection precisi

Philpot (106) estimated that subclinically infected

quarters produce up to 45% less milk than uninfected
quarters.

Clinical mastitis represents approximatly 40%

of infected cattle,

therefore,

considerable losses occur

from reduced milk production caused by subclinical
mastitis (27).
Blosser (7) conducted a survey in thirty-three
states pertaining to economic losses due to mastitis.
Survey results were recorded

and weighted average losses

for each category were calculated.

Dollar losses for

lactation therapy accounted for 17.8% of loss from
mastitis (discarded milk $12.88.
$1.97,

therapeutic drugs $3.86,

veterinary services
and labor $2.38).

The

greatest economic loss (69.3%) was due to reduced milk
production ($81.32).

Another 12.9% of loss was explained

by increased replacement costs
value

($5.72).

($9.32) and decreased sale

Based on these figures,

he then multi

plied total dollar loss of $117.35 per cow by the number
of United States dairy cows and came up with a figure of
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1.294 billion dollars per year lost due to mastitis.
Gray and Schalm (39) evaluated composite milk
samples from 1,243 cows over 305 days of lactation.
Average milk production was 10,978 pounds.
between CMT negative,
compared.

and CMT trace,

Differences

1, 2, and 3 were

For all lactation groups there was a tendency

for CMT reactions to be negatively correlated with milk
production.

The average loss was 6.0,

10.0,

16.0,

24.5% respectively for CMT positive groups trace,

and
1, 2,

and 3, when compared to CMT negative groups.
Forster et a l . (36) looked at field trial results
from 763 cows in 30 herds comparing 1,258 monthly
opposite quarter samples for 305 day lactations.
on CMT scores of trace,

1, 2, and 3, total quarter milk

production was decreased 0.42, 0.95,
respectively.

Based

This represents 9.0.

1.75,
19.5,

and 2.33 Kg,
31.8,

and 43.4%

of daily quarter production.

Weighted loss was 14.3% of

total milk production.

losses in the U.S. due to

Total

mastitis was then calculated based

on the total produc

tion per cow (3,665 Kg) as a decrease of 612 Kg per cow.
Valued at $4.09 per 45.36 Kg. milk losses were then (612
x 45.36) x 4.09 or $113,539.70.

He then multiplied this

total by 15,500,000 (number of cows in the U.S.) and came
out with a total of $855,326,000.

This value only

estimated yearly losses from decreased milk production
due to mastitis infection.
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11.

MANAGEMENT FACTORS AFFE CT ING MASTITIS

Mastitis is recognized as a disease intensely
related to herd management (116).

The major objective of

a mastitis control program is to reduce microbial infec
tion.

This requires an effort to decrease both new

infection and infection duration.

Preventive measures

used in lactating and nonlactating cattle have attempted
to minimize exposure and to increase resistance to
bacteria.

In order to decrease new infection rate,

spread of infection must be minimized within cow, between
cows,

and between environment and cow (108).

Within

cows, pathogen spread is related to malfunctioning
milking equipment or milker contamination.

Infection

spread between cows has occurred through the milking unit
via teat cup liners,

claw or long milk tube,

from udder

surface pathogens remaining on milking equipment,
through unsanitary milking hygiene practices

or

(108).

Methods of decreasing microbial populations and
reducing exposusure to pathogens are the key objectives
of milking hygiene.
(teat dipping,

Current dairy management techniques

dry cow therapy,

etc.) have been es

tablished through previous mastitis research (83).
Although many aspects of dairy management are continually
evaluated and modified,

original mastitis prevention

recommendations remain sound.

Identification of infec-
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tion is from bacteriological analysis of samples from all
quarters at calving,

during lactation,

and at drying off.

Though this approach has generated massive quantities of
data, Natzke (87) assessed economics involved in sampling
and treating infected animals and was unable to recommend
this procedure unless benefits were to greatly exceed
costs.
Complete erradication of infections is a near impos
sibility short of an effective immunization program.

It

is doubtful that erradication will work with mastitis •
because of some distinctly different characteristics
(87).

Mastitis is present in all herds.

Some of the

infectious organisms are constantly in the environment
and a wide variety of organisms can be involved.

Several

people have attempted and failed to control mastitis this
way (86).
Since erradication of the disease is doubtful,
emphasis should be placed on methods of control.

The

amount of mastitis in a herd .is the product of the number
of quarters infected and the duration of infection (86).
Reduction of infection can then be achieved through
hygiene and through a sound control program.

A.

Hygiene and Control Programs

Hygiene and an appropiate control program are
essential to reducing the incidence of mastitis.

Moxley
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et al.

(83) surveyed milking hygiene practices and their

relationship to SCC and milk production in Canada.

A

total of 581 official test herds on the Quebec Dairy Herd
Analysis Service were included on the survey.

They found

that over 99% of dairymen washed or sprayed cows' udders,
55% percent used a separate towel for washing,
udders after washing,
tant,

35% rinsed teat cups in disinfec

50% percent used a teat dip.

cases,

18% dried

34% recorded mastitis

and 63% had a mastitis control program.

However,

only 18% had a program organized by a professional.
Herds using a teat dip had counts significantly
lower than those not using teat dip.
significantly reduced SCC.

Drying of udders

The effects of using separate

towels and rinsing teat cups were small.

Herds on a

mastitis control program had significantly lower counts
than herds without a control program.
100,000

An increase of

somatic cells/ml in herd average cell count was

associated with a decline of 59 Kg average milk produc
tion in the herd.

Relatively few of the hygiene and

mastitis management factors appeared to be associated
with average milk production of herds.

Only teat dipping

and somatic cell count service significantly affected
milk yield.
Neave et a l . (91) characterized dry period infec
tions for 3 years in a herd of 45 to 50 cows with no
premilking washing of udders or of milkers' hands.
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Postmilking teat dip application was used.
Foremilk samples were taken from each quarter 3 days
before and 7, 14, and 21 days after drying off;

1 week

before and 7 and 10 days; or 3, 5, 7 and 10 days after
calving (postcalving sample intervals were from quarters
of noninfected or infected c o w s ) .

Ten infections were

diagnosed 14 days prior to drying off.

Fifty-one

infections occurred during the first 21 days of the dry
period.

Seven infections occurred during dry period day

21 and calving,

8 infections occurred during the first

two weeks of lactation.

This sampling timetable allowed

researchers to record new infections before drying off,
at drying off, during the dry period or after calving.
Fifty-two percent (30 cases) of the 58 new infections
that occurred during the dry period underwent spontaneous
recovery (disappeared with no assistance) during the dry
period.

Without extensive dry period sampling,

infections would not have been discovered.

these

New infection

rate during the first 21 days of the dry period was 17
per week.

This compared to 4.14 new infections per week

for the entire dry period and 1.54 new infections per
week during the previous lactation.

Approximatly 50% of

dry period infections persisted into the subsequent
lactation and 50% of those became clinical.
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B.

Dry Cow Therapy.

One objective of dry cow management is for cows to
calve with as few infected quarters as possible.

Udders

free of infection at calving are expected to produce
maximum amounts of low count milk in the subsequent
lactation (29).

In the absence of an effective control

program more quarters will be infected at calving than at
drying off.

Development of a strategy for improving

udder health over the dry period requires consideration
of ways to eliminate those infections already present and
to reduce the rate of new infections (27).
Eberhart (29) evaluated the effect of hygiene and
dry period therapy on mastitis infection.

Antibiotic

therapy at the beginning of the dry period eliminated
many existing infections and prevented many new early dry
period infections.

Each of five herds (40 head per herd)

were divided randomly into control and treatment groups.
Quarters of cows on treatment group received 1% iodine
teat dip after each milking and dry cow treatment during
first and second week of dry period (200,000 n penicillin
G, 100 mg dihydrostreptomycin).

There was a significant

reduction in new intramammary infection for the treatment
group.

Treatment for clinical mastitis was reduced by

approximatly one third.

The overall effect of dry cow

treatment was an increase in the proportion of nonin
fected quarters from 78.3% at drying off to 92.2% at
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calving.
Perhaps greater gains could be made by concentrating
on prevention,

rather than on elimination of infections

during the dry period.

Dodd (26) pointed out that by

application of present mastitis control methods,

rela

tively low levels of infection at drying off can be
maintained in most herds.

In such low level herds, new

infections in the dry period have a greater impact on
udder health in the subsequent lactation than those
relatively few infections that resist dry period therapy.
New infections in the dry period are important for
several reasons.

During the first month of lactation,

a

quarter newly infected in the dry period will sustain a
production loss equal to that of a quarter that retains
and establish infection throughout the dry period (130).
If the infection persist during lactation,

proportional

production loss would be expected to continue.
In a classic study Neave et al.

(91) showed that the

new infection rate was higher over the entire dry period
than during lactation.

They further showed that during

the first 3 weeks of the dry period the new infection
rate was more than six times higher than during the
preceding lactation as a whole;

during the remainder of

the dry period the infection rate was low.

Various

studies (100,127,132,139) confirmed the increased suscep
tibility during the early dry period but suggested that a

27
significant proportion of infections are established at
other times in the dry period.
Oliver and Mitchel

(99) studied the incidence of new

intramammary infections in high producing cows during
various intervals.
late lactation,

Mammary secretions were collected in

at drying off, early involution, pre-

partum, parturition,

and during early lactation.

Data

were expressed as percent bacterial isolation for each
time period.

The percent values were 19.4 (late lacta

tion), 25.0 (drying off), 27.7
(prepartum),
tion) .

(early involution),

29.4 (parturition),

and 27.2

28..8

(early lacta

This indicated mammary gland susceptibility to

new infections is higher at or near parturition.

They

suggested that transition from involution to colostrogenesis was a critical time period for the control of
mastitis.

A second method of data analysis classified

quarters as infected or noninfected during late lacta
tion, early involution, parturition,

and early lactation.

Again, data showed a greater infection rate at parturi
tion than during late lactation.

C.

Antibiotic Therapy of Dry Cows
Antibiotic therapy at the end of lactation is the

most effective and widely used mastitis control method
for dry cows (53,91).

In cows treated with effective dry
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cow products,

70 to 98% of infections at drying off are

not present at calving (88).
with available products,

Natzke

(89) suggested that

the new infection rate can be

reduced by 50 to 75%.
Controversy exist as to whether it is desirable to
treat all quarters of all cows or selective therapy of
those cows and quarters infected.

Generally it is agreed

that complete therapy is required in herds with high p r e 
valence of infection and selective therapy when frequency
is reduced (110,119,127).

Reasons for avoiding wide-,

spread use of antibiotics include:
treatment,

increase expense of

the concept that elimination of common

bacteria may make cows more susceptible to less common
organisms,

and the possible emergence of antibiotic

resistant organisms (110,127).
Researchers presently recommend routine treatment of
all dry cows
therapy,

(119).

However,

despite complete dry cow

some cows calve with infected quarters and with

clinical mastitis.

An important cause of failure of

antibiotic therapy is that some existing infections
persist in spite of therapy.
problem with

This is a particular

aureus infections of which 20 to 60%

percent may resist antibiotic therapy (107).

A second

reason is that dry cow products are formulated for effect
against gram-positive cocci and are not very effective
against gram-negative bacteria

(32,126).

Another cause
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of ineffectiveness of antibiotic therapy at drying off is
that these products are formulated to maintain persistent
activity in the early dry period and they may not provide
protection during the late dry period and prepartum dry
period (127).
The economic feasibility of hygiene and mastitis
elimination programs has been well justified (90).

The

increase in costs associated with mastitis control
programs is overshadowed by the increase in profit to the
dairy producer.

D.

Housing
Although researchers have suggested that management

factors may be partially responsible for mastitis
incidence,

few published experiments exist on housing and

its relationship to incidence of mastitis.

Funk et al.

(37) analyzed data from 3,987 cows in 141 herds gatherd
by 16 investigators which represented six geographic
areas.

Duplicate milk samples were collected after the

last milking of a cows lactation and 4 to 10 days
postcalving.

After the last milking,

cows were assigned

randomly to one of six dry cow therapy groups (five dry
treatments;

one control).

categorized as free stall,
lot and other.

Housing environments were
stanchion,

loafing shed, open

Least squares solutions for factors
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affecting pre- and postmastitis infection scores were
obtained.

Cows on open lot housing had fewer preparturi

tion mastitis infections for all organisms.

Cows housed

in stanchions had the largest infection rate due to S .
agalactiae; whereas,

cows housed in loafing sheds had the

largest infection scores and most coliform infections.
Housing type had little influence on postcalving mastitis
infection.
McKinnon et al.

(71) studied the effect of different

methods of teat washing on bacteriological contamination
of milk from cows housed under three different housing
conditions.

An in-line milk sampler and steam sterilized

clusters were utilized to determine number of bacteria
derived from udders of individual cows.

Ten cows,

free

of udder infection or lesions were housed in 42 square
meter stalls.

Minimal sawdust (MS),

liberal straw (LS),

and minimal straw (MSw) bedding types were used for 14
day periods with sampling confined to five days.

Two

cows were assigned randomly to each of five teat washing
treatments:

a) no wash; b) cold water wash, paper towel

dry; c) cold water wash; d) 0.06% sodium hypochlorite
solution, paper towel dry;
ite solution.

Mean logj0 values for the three types of

bedding were 3.51,
tively).

and e) 0.06% sodium hypochlor

3.47,

and 3.93

(MS, LS, MSw,

respec

Lowest milk contamination was seen in cows

housed on liberal straw.

Mean values for treatment,
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regardless of bedding type, were 3.87,
and 3.62

3.62,

3.90, 3.18,

(for treatments a through e, respectively).

Lowest value was obtained from combined use of hypochlor
ite solution and paper towel drying.

E.

Milking Machine and Milking Time
The introduction of milking machines into the dairy

industry,

brought up the question as to their effect on

bovine mastitis.

Inevitably,

milking machines became the

subject of research related to the incidence of mastitis.
Conflicting results have been reported in all areas of
milking machine effects on mastitis infection.

For the

past 45 years, modifications of milking machine physical
characteristics have been few.

Claw units have remained

similar to that used in the 1930s, while claw bowl volume
has had some modifications

(53).

Milking machine

research has primarily been centered around liner slip,
adequate vacuum supply, milk line location (high,
pulsation rate,

low),

and liner structure (53).

As a result of large variation in infection levels
between herds,

after a 3-year hygiene program (53),

milking machine effect on new infection were studied.
Thiel et al.

(137) conducted a series of short duration

trials with bacterial challenge

(2-3 weeks each) to

determine effects of irregular and cyclic vacuum fluctua
tions on new infection rate.

Irregular vacuum fluctua

tion was defined as decline and subsequent recovery of
system vacuum level connected to both the pulsation
chambers and the interiors of cluster liners.

This

phenomenom normally occurs when clusters fall off or are
changed.

Irregular or cyclic vacuum fluctuation as sole

treatment was unable to caused increased new infection
rate.

Cyclic fluctuation and fast liner wall movement

also resulted in no increase in infection rate.
when combined,

However,

large irregular and cyclic fluctuations

were associated with high number of new infections.
Combinations of irregular vacuum fluctuations with
conditions predisposing to large cyclic vacuum fluctua
tions resulted in a large increase in new infection rate.
Cousins et al.

(22) investigated milk machine

factors and milking time stages.

Effects of cyclic and

irregular vacuum fluctuations were carefully evaluated at
peak flow rate,

reduced flow rate,

(less than 20 ml/min).

and machine stripping

Four trials each of short

duration (2-3 weeks) were run on 20 cows.
were similar to those of Thie]
infections were observed when

et al.

(137).

More new

irregular vacuum fluc

tuations occurred at the end of milking.
concluded

Treatments

The authors

cows were at increased risk of new infections

near the end of milking.

This was consistent with the

idea that machine forced bacterial implantation in the
teat during milking would be less likely to be washed out
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if implantation occurred close to milking flow cessation.
O'Shea et a l . (101) and O'Callaghan et al.

(96) con

ducted studies to determine the effects of milk machine
vacuum fluctuations and liner slip on mastitis infection.
Large irregular and large cyclic vacuum fluctuations were
compared to moderate irregular and cyclic vacuum fluctua
tions.

Irregular vacuum fluctuations depended upon

depletion of reserve air during cluster changing and
cluster fall-off.

For large vacuum fluctuation,

ir

regular fluctuations resulted from 100 1/min reserve air
(700 1/min for moderate vacuum fluctuation) and air
admission into the vacuum line six times per minute.
Unlike the previous studies (22,137),

vacuum fluctuations

did not increase new infection rate.

F.

Nutrition

Recent work has suggested a role of specific nutritional
factors in resistance to mastitis,
dry period.

especially over the

Chew and Johnston (18) presented evidence

that vitamin A or B-carotene status may influence udder
health in the early dry period or peripartum (18,23,50).
Smith et al.

(134,135) reported that dietetary suppleme

ntation of vitamin E during the dry period reduced
incidence of clinical mastitis in subsequent lactations
and that injection of selenium 21 days before calving
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reduced duration of clinical symptoms.

In a subsequent

study, heifers supplemented with vitamin E and selenium
beginning 60 days prepartum and throughout their first
lactation had fewer infections at calving,

fewer cases of

clinical mastitis and shorter durations of infections
than did unsupplemented controls

(134).

Effects of

supplementation on udder health were most evident at
calving and in early lactation,

indicating that benefits

may have been mediated through enhanced resistance in the
precalving period.

G.

Environmental Mastitis

Environmental mastitis can be defined broadly as
those intramammary infections caused by pathogens whose
primary reservoir is the environment in which the cow
lives and not infected mammary quarters (as in the case
of S_^ aureus and S_;_ agalactiae infections).

Exposure of

teat ends to environmental pathogens occurs between
milkings and is not limited to the milking process, which
is in contrast to other contagious pathogens

(10,115).

Therefore, postmilking disinfection of teat ends is
either less effective or ineffective at reducing rate of
new infection by environmental pathogens (31).
Environment pathogens most frequently encountered
are species of streptococci other than

agalactiae and
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coliform bacteria.

Smith et al.

(133) studied the rate

of intramammary infection caused by environmental
pathogens.

Rate of mastitis was higher during the dry

period and increased as parity increased.

This coincided

with maximum exposure to coliforms in bedding during the
summer.

Streptococcal infections lasted longer than

coliform infections.

Approximately 59% of Streptococcal

infections and 69% of coliform infections were present
for 30 lactation days or less.

Approximately 81% of

coliform infections and 53% of Streptococcal infection's
during lactation were c l i n ic al .

Dry cow therapy reduced

rate of streptococcal infection during the early dry
period but did not affect coliform infection rate.

They

concluded that the incidence of coliform infection of the
udder would be found to be much higher than it was
thought to be, and that it is a significant problem to
the dairy industry.
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I II.

A.

GENETICS OF MASTITIS

Incidence

A wide variety of factors influence the frequency of
mastitis in dairy cattle.

Lactation number,, quarter,

month of calving, milk yield and sire have been recog
nized as factors affecting the incidence of mastitis
(75).

Oliver et al.

(98) reported that 44.4% of lacta

tions were classified as infected in first calf heifers.
Annual average percent of lactations infected across all
parities was 62.8%.

Across all parities,

annual per

centage of cows infected ranged from 37.9 to 78.7%, while
percentage of cows infected showing clinical signs ranged
from 29.2 to 72.7%.
Legates and Grinnells

(59) found a frequency of

16.7% in 215 first calf heifers infected with strep
tococcus or staphylococcus organisms and with SCC greater
than 500,000 cells/ml.

Withers

(144) reported incidence

of clinical mastitis as 8.1 and 7.1% during the first and
second year studied,

respectively.

Percent of quarters

diagnosed clinical during the thi rd and fourth years was
9.8 and 11.5 (141).

On an individual infected cow basis,

percent infection was 7.1 and 6.4%,

corresponding to 1.26

and 1.11 cases per infected animal during each period.
Withers (145) further showed that rate of mastitis
increased with increasing age.

For each of the two
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periods,

31.4 and 33.1% of recorded clinical cases

occurred during the first month of lactation while 11.1
and 10.2% occurred at drying off.

Eighty nine percent of

cases were recorded on a quarter basis.

Sixty eight

percent were affected in only one quarter.

Percentages

affected in two, three or all four quarters were 13, 2
and 6%, respectively.
Howell et al.

(48) reported that visual observation

of milk samples indicated that 5% of cows had abnormal
milk.

Abnormal samples were,

abnormal

(1.7%).

small clots (3.3%) and very

Positive Whiteside reactions were

observed in 36% of milk samples.

Proportion of positive

Whiteside results increased with stage of lactation.
Forty six percent of milk samples had recognized udder
pathogens present.
Miller et al.

(75) reported incidence of clinical

mastitis in 1,278 lactations of 390 Jersey cows.

Twenty

nine percent of infections were diagnosed clinical at
least once during a lactation.
cases per lactation was 0.77.

Mean number of clinical
Frequency of infection was

higher in rear quarters than in fore quarters.
Batra and coworkers

(5) reported 53% of lactations

had at least one clinical case with mean of 3.58 clinical
cases per cow lactation treated.

Proportion of clinical

cases for front quarter was 0.265, while for rear
quarters was 0.295.
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Lucey and Rowlands (60) studied 1,514 lactations
between 1977 and 1982 in 790 cattle.

Twenty four percent

of lactations were treated for clinical mastitis.
Lactation pairs (668) of first and second lactation were
divided into four categories.

Of these,

not treated in either lactation.
treated in both lactations.

437 pairs were

Thirty five pairs were

Fifteen and 25% of cows were

clinical during first and second lactations,
ly.

Thirty of the 67 clinical cases,

respective

or 44.8%, in cows

treated only in their first lactation occurred prior to
peak lactation.

Forty five cases

(34.9%) were treated

only in the second lactation prior to peak yield.
Bunch et al.

(16) analyzed incidence of mastitis in

each of the first two lactations.

Average incidence of

mastitis was 16% in first lactation and 20% in second
lactation.

Incidence during the first 30 days of

lactation encompassed 33 and 28%,

respectively,

for first

and second lactation mastitic animals.
McDowell and McDaniel

(70) reported a higher

frequency of mastitis in summer with twice as many
treatments in July to September compared to the period
April to June.

However,

Miller et al.

(75) found no

significant difference between month of calving and
incidence of mastitis.
Reports on the relationship between milk production
and incidence of mastitis are conflicting.

Wilton et al.

(143) pointed out that several counteracting tendencies
may be involved in this relationship.

Mastitis infection

causes a reduction in subsequent milk production in the
quarter infected,

although there may be some compensation

by the uninfected quarters.

On the other hand,

they

suggested that high producing cows contract mastitis more
frequently, particularly in early lactation.

In their

study they indicated that milk yield was associated
negatively with the extent of udder infection although
all correlations were -0.10 or less.

When they related

infection frequency in one lactation to milk yield in the
preceding lactation,
slightly.

the two were correlated only

They also concluded that differences for sire

and cow in measures of mastitis incidence were small.

B.

Age and Parity
Oliver (97) in an early review summarized agreement

among researchers that an animal's susceptibility to
infection increased with age.

He observed that relative

ly unselected heifers in the herds under review were more
resistant than selected older cows.
Oliver et al.

In another study

(98) reported a trend for increased suscep

tibility with increased parity and age.
were 44.4,

56.3,

lactations one,

67.3 and 80.3%.
two,

Infection rates

respectively,

three and four or greater.

for
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Eberthart et a l . (30) concluded that older cows have
higher average somatic cell counts than younger cows.
They indicated that the average milk SCO,

regardless of

infection status was 232,000 cell/ml in first lactation
cows and 868,000 cell/ml in cows over 7 years old.

In

equating lactation number with progressive increase in
SCC, average increase per lactation was 100,000 cells.
In their conclusions,

they suggested that the age related

increase in SCC is of bacteriological origin.

Older cows

have had a greater opportunity for exposure to mastitis
pathogens resulting in a gradual
of infected quarters.

increase in the number

Older cows tend to have infections

that are longer and cause more extensive tissue damage
(30).
Batra et al.

(5) analyzed lifetime histories of 333

Holstein cows (760 lactations)

from 1960 to 1975.

They

defined clinical mastitis as any intramammary antibiotic
treatment with the stipulation that 7 days elapsed
between treatment periods to be counted as separate
treatments.

Parity was significant with respect to total

number of cases,

cases in right rear and total proportion

of clinical cases.

They recorded increased suscep

tibility to mastitis up to parity four.
Miller (73) indicated that animals of different ages
respond differently to treatment for both clinical and
subclinical mastitis.

For clinical cases (321 infected
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quarters) cure rates were 91, 74, and 47%,
for first,
lactations.

second plus third,

respectively

and fourth or greater

Subclinical cases cure rates were 77, 67 and

50% for the same lactation classifications.

C.

Stage of Lactation

Early research has been conflicting about the effect
of stage of lactation and mastitis resistance.

Oliver

(97) stressed that the large variability in results was
due to lack of uniformity in diagnostic methods and data
interpretation procedures.
Milk SCC in uninfected cows is high at freshening,
lowest from peak to midlactation and highest at drying
off.

A plot of monthly SCC would usually be the inverse

of the lactation curve (30).
Paape et al.

(105) observed that in uninfected

quarters there was an increase of 80,000 cells/ml between
35 days in milk and 265 days in milk.
Kennedy and coworkers

(52) reported that stage of

lactation was a significant source of variation for SCC
on 133,493 test day samples taken between February and
December 1977.

Somatic cell counts were highest shortly

after calving and declined rapidly between days 25 and 45
and then rose slowly throughout the remainder of the
lactation.

The period of lowest SCC coincided fairly
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closely with peak lactation.

The rate of ascent in SCC

as lactation progressed increased as age increased.
Bodoh et al.

(8) studied the variability of SCC in

13,733 DHI samples in one study and 6,285 samples in a
second survey.

There were no differences among mean cell

numbers in the first three stages of lactation, but they
rose sharply in the fourth and again in the fifth stage.
Cell numbers in milk of younger animals did not appear to
rise as sharply in late lactation as in the milk of older
animals.
There is still controversy regarding the effect of
stage of lactation.

Wiggans and Shook (142) concluded

that the increase in SCC can be caused by response to
infection as well as increased concentration due to
declining yield or physiological effects associated with
lactation that are independent of infection.

D.

Heritability and Correlation Studies

Estimates of heritability of incidence or of susceptibily to mastitis vary widely.
tion in reported estimates are:
definition of mastitis,

Reasons for the varia
1) Discrepancy in the

2) differences in reported

measurements (clinical infections,

bacterial cultures or

screening tests) and 3) sampling techniques differ from
report to report.
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Lush (62) recorded clinical mastitis records based
on abnormal milk production in 21 herds.

Animals were

categorized into two groups:

if clinical

susceptible,

mastitis developed at any age;

resistant,

if mastitis was

not diagnosed and the animal had reached at least 8 years
of age.

He proposed that evidence of susceptibility

existed if susceptible dams had higher percentage of
susceptible daughters than the resistant dams in the same
herd.

Lush equated this to an intra-herd regression of

daughters on dams.

Heritability of individual differen

ces in susceptibility to mastitis was estimated at 0.38.
However,

the the 95% confidence interval for this

estimate put the range at 0.06 to 0.70.

The author

concluded that there is evidence that heredity plays a
role in susceptibility to mastitis but that the heritabi
lity estimate obtained seemed too high.
for a more accurate estimate,

He noted that

a much larger data set was

needed.
Coffey et al.

(20) recorded leucocyte and bacterial

samples from 11 herds over varying time intervals ranging
from 1 to 6 years.

Mastitis infection was based on

streptococcal or staphylococcal

presence in addition to

leucocyte counts in excess of 500,000 cells/ml.

This

minimized false positive results from low producing and
late lactation cattle where dilution effect may have
resulted in elevated cell counts.

Sampling occurred

44
monthly or bimonthly.

Paternal half-sib analysis yielded

a heritability estimate of resistance to mastitis of
0.27.
O'Bleness et al.

(95) estimated heritability for

mastitis incidence as well as for type traits by within
herd analysis on 842 daughter-darn pairs of Holstein cows.
Most type traits studied had heritability estimates not
significantly different from zero.

Estimated heritabil

ity for mastitis incidence was 0.05 ± 0.06.

The authors

questioned the reliability of this estimate because
management philosophy for diagnosis and treatment of
mastitic animals varied from herd to herd.
Young and coworkers (146) collected data over a 27
month period from four state owned dairy herds.

Data

consisted of 682 lactations of 7 months or greater from
422 cows.

Mastitis was defined as abnormal appearance of

the udder or its secretion.
histories,

Data vised included clinical

monthly composite foremilk samples,

and udder measurements.

and hock

Composite samples were cultured

for bacteria and stained for leucocyte counts.

Clinical

mastitis was the percentage of months of the lactation
during which clinical mastitis ocurred one or more times.
Bacterial infection was evaluated on monthly milk sample
as, no growth (coded 1), growth by minor pathogen (coded
2),

and growth by major pathogen (coded 3).

Monthly

bacterial scores were summed over a lactation, multiplied
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by 10 and divided by the number of months for the
lactation.
hence,

This equated infections on a 305-day period,

lactation comparisons were feasible even with

varying lactation lengths.

Leucocyte score from com

posite samples was computed by summation of log transfor
mation values for monthly leucocyte counts, divided by
the number of monthly observations.
Heritability of clinical mastitis was estimated from
breed and year correlation between paternal half sisters
and from intra-herd,
on dam.
0.19,

intra-breed regression of daughter

Estimated values were 0.79 ± 0.21 and 0.06 ±

respectively.

The high paternal half-sib estimate

was further investigated and termed questionable due to
sampling error since repeatability was calculated as 0.31
± 0.06 (repeatability was expected to be higher than the
h e ritability).
Heritability of bacteria], infection was estimated at
0.87 ± 0.21 and 0.18 ± 0.14 from paternal half-sister
correlation and daughter-darn regression,

respectively.

Again the paternal half-sister estimate was questionable
since the repeatability estimate was 0.24 ± 0.06.
Heritability of leucocyte count was 0.23 ± 0.22 and
0.38 ± 0.20,

respectively for paternal half-sister

correlation and daughter-darn regression.

In this case

repeatability of the paternal half-sib analysis was
within range

(0.42 ± 0.05).
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Schmidt and Van Vleck (124) studied data from 195
farms on a total of 6,301 cows.

Foremilk was examined on

a strip plate and aseptic foremilk samples were plated on
blood agar.
categories:
cocci,

Bacterial growth was divided into four
S_;_ a galactiae. other streptococci,

and m i s c el l an eu s.

staphylo

Heretability values were

estimated from paternal half-sib correlations and
observations were corrected for age at freshening.
Estimated heritability for number of quarters infected
with Streptococcus agalactiae was 0.196.

The heritabil

ity estimates for the number of quarters infected with
organisms other than S_^ agalactiae,
infected,

number of quarters

and number of quarters showing abnormal milk

were 0.086,

0.040 and 0.072,

respectively.

They con

cluded that some genetic progress could be made by
selecting cows with a lower infection rate,

especially

for S_^ agalactiae.
Wilton et al.

(143) analyzed data from a seven year

period representing 638 herds enrolled in the Veterinary
College Mastitis program.

Individual quarter data for

bacterial presence were available on each cow.

An

overall clinical rating was assigned when evidence of
abnormal secretions or abnormal
persisted.

physical characteristics

Infection was measured by percentage of cows

with a clinical rating and number of quarters per cow
with infection present or abnormal secretions.

Criteria
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analyzed included percent of cows clinical, percent of
cows with at least one quarter clinical
into

(further divided

agalactiae, other streptococci, hemolytic staphy

lococcus and a combination of the three),

number of

quarters per cow clinical

(also divided into 4 bac

teriological categories),

number of kinds of infection

per cow and total number of infections per cow.
Sire components of variance and daughter-darn regres
sion estimated h er itabilities.

Estimates of heritability

were low for all measurements of udder infection in all
lactation groups (range -0.04 to 0.11).

Heritabilities

from daughter-darn regressions were low for first and
second lactation (-0.24 to 0.15),
later lactation cows

yet moderately high for

(0.02 to 0.24).

Genetic and phenotypic correlations within herd
measured relationships between milk yield and infections.
The authors correlated 305-day milk yield for the
infected lactation to the preceding lactation.

Milk

yield in the infected lactation had a slight negative
phenotypic association with the extent of udder infec
tion.

Regression of second or later lactation infections

on first lactation infections was moderately high.

The

authors thus concluded that infections may be repeatable.
Bunch et al.

(16) collected clinical mastitis

records from 1,672 cows in 24 herds.

Completed records

had first and second lactation data and at least four
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paternal half-sibs per group.

Heritability for first

recorded incidence was calculated by intra-class correla
tion.

Heritability of clinical mastitis susceptibility

for first lactation animals was 0.37 ± 0.12.

Heritabil

ity for average clinical susceptibility for lactations
one and two was 0.03 ± 0.07.
Alrawi and coworkers

(1) anlyzed 15,965 Holstein

lactations having California Mastitis Test (CMT) scores
for at least the first 9 months of standard DHI produc
tion testing data.

California Mastitis Test r e a d i n g s ‘of

negative or trace were coded normal while readings of 1,
2 or 3 were termed elevated.

Heritabilities were

estimated by paternal half-sister analysis within herd,
year and month of calving for sires having at least 25
daughters within each lactation group.

Heretability of

first and second lactation monthly coded CMT scores
ranged from 0.11 to 0.48.

Heritabilities for first

lactation records tended to be higher than those of later
lactations.

The authors indicated that these estimates

suggested the possibility of genetic change through
selection for this trait.
Most genetic correlations of coded CMT scores among
monthly tests for the first 3 lactations were different
from zero.

There appereared to be no distinct pattern of

genetic association between monthly tests of the coded
CMT scores within the four lactation groups.

The authors
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concluded that the significant genetic associations among
most of the monthly tests could be interpreted as due to
pleiotrophy,

or the action of common genes involved in

the occurrence of elevated CMT scores.
In a second study Alrawi et al.

(2) described a

lactation score for rating individual cows on their
apparent resistance to elevation of CMT scores.

The

score used the first 9 monthly CMT scores weighted by the
number and position of elevated coded tests.

Scores of

negative and trace were coded normal and scores of 1, *2
or 3 were coded elevated.

A cummulative lactation score

of 21 was assigned to lactations without elevation in
coded tests while a score of 0 was assigned to lactations
with all 9 tests elevated.

Using paternal half-sister

data they estimated heritability for this score.
Heritability values were 0.48.
respectively,

for first,

lactation groups.

0.36. 0.46 and 0.23,

second,

third or fourth or later

They interpreted these values as

suggesting that there is an important additive genetic
influence.

Therefore,

they concluded that selection for

a high lactation score should reduce the occurrence of
elevated CMT code scores.
Kennedy et al.

(52) estimated heritability of SCC

and related it to milk yield and composition in 664 herds
of Holstein cows.

Data consisted of 85,271 observations

of monthly test-day SCC from 17,477 cows enrolled in the
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Quebec Dairy Herd Analysis Service.
variance and covariance for herd,

Components of

sire,

cow and error

were estimated for each lactation group (5 lactation
groups,

2 to 6 years or o l d e r ) .

These estimates were

then used to estimate paternal half-sister heritability
of test-day SCC and genetic and phenotypic correlations
of SCC with milk,

fat and protein yield and fat and

protein percent.

Heritabilities of test-day SCC ranged

from a low of 0.05 for cows 2 years or younger to a high
of 0.10 for mature 6 years or older cows.
for all ages was 0.08.

The average

They noted that heritability

increased with lactation age.
Phenotypic correlations between test-day SCC and
milk,

fat,

and protein yield,

and fat and protein percent

were all negative except for SCC and protein percent.
Estimates increased in absolute size with advancing age.
Genetic correlations between test-day SCC and milk yield
and milk constituents exhibited considerable variation
for lactation age.

For the yield traits,

average genetic

correlations were opposite in sign to phenotypic correla
tions.

They pointed out that there is some genetic

antagonism between increased milk production and reduced
SCC.

Therefore,

they concluded that there seems to be an

inverse relationship between milk yield and reduced
incidence of mastitis as genetic correlation between SCC
and mastitis incidence was high.
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In a related study Monardes and coworkers (78)
analyzed SCC data from 3,966 Holstein cows in the Quebec
DHAS.

Cows were daughters of 99 sires that had 5 or more

daughters in 2 or more herds.
considered;

Two lactation periods were

one was based on all SCC regardless of stage

of lactation,

and the other included only SCC after 45

days postpartum.

Data were processed as the original

1000 cells/ml and as log transformed values.
measures of SCC considered were arithmetic,
harmonic,
median,

Lactation
geometric,

and weighted (by milk yield) means,

as well as

range, CV, ratio of high to low test and percent

test over 300,

400,

and 500 thousand cells/ml.

Heritabi

lities were estimated from sire and error variances
obtained by iterative minimum norm quadratic unbiased
estimation.
Heritability estimates for lactation means of
somatic cell counts were low (ranged from 0.04 to 0.14).
Estimates were higher for means of log transformed SCC
than for the original data.

Heritabilities of measures

of central tendency based on partial lactations were
lower than measures for complete lactations.

However,

heritabilities of means of SCC for lactations 183 days or
greater were higher than those for all lactation records.
In general, heritabilities of measures of SCC for
lactation were low.

The authors concluded that slow

response is to be expected for selection against elevated
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SCC.

However,

they stated that heritability of lactation

average of log transformed test-day observations is the
most useful measure for selection purposes.
Manfredi et al.

(64) utilized another method for the

estimation of variance components (Henderson's BLUP) to
calculate heritabilities of traits that included milk,
fat, and protein yield as well as two traits related to
SCC.

These were cumulative lactation score (CLS) and

lactational SCC (LSCC).

A total

tion Holstein records were used.

of 18,416 first lacta
Genotypic and pheno-^

typic correlations were also estimated.

Heritability of

CLS of first lactation was 0.17 and 0.61 for LSCC.

The

latter estimate was termed unrealistic since selection
against mastitis traits does not bring about rapid
change.

However,

there was a positive association

between mastitis susceptibility and milk production which
would explain prevalence of the disease.

Genotypic

correlation between CLS and milk yield was -0.11 which
suggested a negative association between milk production
and CLS.

They concluded that genes for higher milk

production are associated with genes for susceptibility
to infection.
Monardes and coworkers

(80) studied data from

Ayrshire cows in order to estimate heritabilities of
lactation measures of SCC and their relationship with
milk traits.

Data was divided into 3 groups:

first,
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second and all lactations combined and were analyzed
separately.

Heritabilities of lactation measures were

estimated by the same method as their previous study
(78).

Estimates for first lactation ranged from 0.09 to

0.16.

Second lactation estimates were smaller as were

estimates for all lactations combined.

This was ex

plained as due to an increase in residual variances.

The

low heritability estimates indicated that limited
potential existed for selection on SCC.
In a subsequent study Monardes and Hayes

(79) looked

at SCC data collected from 928 herds of Holstein cows.
Variables and methods used were similar to those used in
their previous work (78,80).

Heritability of lactation

SCC was small for all groups and increased with parity
starting from the second lactation.
from the results,

milk,

They stated that

fat and protein yields are

related negatively to cell count in heifers.

This means

that genetically high producers tend to have high cell
counts and are probably more susceptible to mastitis.

In

second and later lactations correlations changed,
probably due to strong selection against low producers.
Seykora and McDaniel

(129) characterized measures of

udder traits and their relationship to SCC and lactation
yields.

Data for udder traits included teat length,

udder height and cleft measurements in 7,604 lactations.
Somatic cell count data were averages of monthly SCC and
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averages of natural logarithms of monthly SCC (LSCC).
Paternal half-sister data was used to estimate heritabil
ities and genetic correlations for cows in first lacta
tion.

Heritabilities and genetic correlations were also

computed for first lactation records from regression of
cow's traits on dam's traits.

Relationships of SCC to

udder traits and production were investigated separately
with multiple regression models.
Heritability of SCC in first lactation were slightly
higher than those for LSCC (0.18 and 0.16,

respectively).

Multiple regression models were used to clarify relation
ships between SCC and other traits.

Mature equivalent

milk was negatively associated with SCC.

Of the physival

traits, udder height was most highly associated with SCC.
For each 1 cm decrease in udder height in first lactation
cows there was an increase of 26.050 somatic cells in
milk.

Udder levelness was significantly associated with

SCC for cows in first lactation.

They suggested that

cows with fore udders higher than the rear have higher
SCC.

Also there was a tendency for cows with smaller

distances between teats, higher udders,

deeper clefts,

and smaller teat diameter to have lower SCC.

They

concluded that selection for both LSCC and high rear
udder height would improve SCC more than selection for
only one separate trait.
In a large scale study in Sweden,

Emanuelson et al.
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(33) calculated heritabilities and genetic correlations
for mastitis,
cows.

SCC and milk production in first lactation

Data were divided into 3 subsets according to
»

breed and Al stud.
46,431,

Number of cows per subset were

25,373 and 25,201,

respectively.

Restricted

maximum likehood procedures were used to estimate sire
components of variance and covariance.

Heritability

estimates for mastitis traits were very low, ranging from
0.08 to 0.1.

The heritability estimates for treated

mastitis were 0.06,
3, respectively.
mastitis traits;

0.019 and 0.011 for datasets 1, 2 -and

They found breed differences for
Swedish Friesian cows (SLB) had sig

nificantly lower heritability estimates than did Swedish
Red and White cows.
Genetic correlations between mastitis incidence and
SCC were moderately high and ranged from 0.46 to 0.79.
Phenotypic correlations were generally low and negative
for milk yield and other traits.

This indicated to them

that mastitic cows had lower yields.

Estimates of

genetic correlations between milk production and mastitis
traits indicated an unfavorable relationship.
study the authors drew 3 main conclusions.

From this

First,

there

was enough genetic variation in mastitis traits to merit
genetic improvement through selection provided the number
of progeny per sire is large.

Second, use of SCC seemed

to be a good criterion due to the degree of genetic
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variation in cell counts and the high correlation with
mastitis.

Use of lactation means of SCC seems to be the

best measure.

Third,

they stated that single-trait

selection for milk yield might result in higher incidence
of mastitis and that inclusion of mastitis traits on an
index should result in progress in both traits.
Moxley et al.

(83) surveyed 581 official test herds

in Canada for milking practices and their relationship to
SCC and milk production.

Correlation between average

cell count and milk yield was -0.14 while the regression
of milk yield in Kg on cell count

(1000/ml) was -0.59.

In other words for every 100,000 increase in cell count
there was a 59 Kg decrease in milk yield.
Raubertas and Shook (114) analyzed SCC data from DHI
records in Wiscosin.

Lactation cell counts were taken as

the average of either actual or natural log of individual
tests.

Regression of milk yield on SCC for the first

four lactations was calculated to establish relationship
between yield and SCC.

From this analysis they es 

tablished that there was a yield loss of 135 Kg per unit
increase in average log cell count in first lactation and
270 Kg for all other lactations.

They mentioned that log

SCC was a more desirable variable than actual SCC since
it is linear.

In their conclusion they stated that since

the relationship between coefficients was linear it
indicated that yield loss per unit increase in SCC is
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greatest when SCC is low.
Ng-Kwai-Hang et a l . (93) examined the influences of
SCC on various milk compo ne nt s .. Data consisted of 25
months (41,783 obs.) of test-day samples from 63 Holstein
herds.

Milk components measured were milk yield,

percentages of fat, protein,
and SCC.

casein,

and serum protein

Least squares analysis showed SCC had a

significant effect on milk yield and composition.

Total

milk yield fell from 22.9 to 19.8 Kg for the first
million increase in SCC.

Protein in milk increased wi,th

increasing SCC, however as explained by the authors,

this

increase was due to the serum protein fraction as the
casein content was not affected appreciably by SCC.
Consequently,

there was a drop of casein number with

increasing SCC of 5.41

(81.72 to 76.31).

This was

pointed out as an important consideration for cheese
makers since cheese yields depend on the casein portion
of the protein while the serum protein fraction is lost
in the whey.
Jones et a l . (51) conducted a study to determine the
relationship between DHI test-day milk yield and SCC in
34 herds over 3 years.

Somatic cell counts were analyzed

as actual count or transformed to natural logarithms.
The data consisted of 67,707 observations with 23,598
observations from first lactation and 44,109 observations
from cows in second or later lactations.

Herds were also
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divided into low producing herds and high producing
herds.

For animals in first lactation,

SCC were higher

during the first test after calving compared to the
second and subsequent tests during the first lactation.
Animals in second or later lactation showed a gradual
increase in SCC but not as sharp as first lactation cows.
Results indicated that test-day milk yield decreased
with increasing SCC.

The trend for decresed milk yield

in relation to SCC was curvilinear,
at low SCC.

with greater losses

The decrease of milk yield for second and

later lactations,

as SCC increased,

first lactations.

was greater than for

Losses in first, lactation animals

associated with specific SCC were about 50% of losses in
older cows.

When herds were partioned according to herd

milk production,

decrease in milk yield was linear with

increasing SCC for herds averaging below 7,700 kg milk.
For herds over 7,700 kg/yr the relationship was cur
vilinear .
Brown and coworkers

(15) studied milking rate,

monthly bucket SCC, mastitis treatments and milk produc
tion in 284 lactations of Holstein cows.

Somatic cell

counts tended to increase with maximum milking rate in
all lactations.

Faster milking cows had higher SCC and

more mastitis treatments,
later lactation.

especially cows on second or

In general,

produced less milk.

cows with higher SCC

Correlation coefficients were
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negative between 305-day actual milk production and log
of SCC for all lactation groups.

Total milking time was

negatively correlated with log SCC in all lactation
groups.

Treated cows tended to be faster milkers,

particularly in second and third lactations.

MATERIALS AND METHODS

Data used in this study were obtained from the
Louisiana State University Dairy Production,
Teaching Herd,

in Baton Rouge,

Louisiana.

Research and

Data were

generated as part of the S-49 Southern Regional Dairy
Cattle Breeding Project.
project began in 1970.
project are:

The current phase of the
The objectives of the S-49

1) To determine direct response to selec

tion in milk and the resultant correlated responses in
nonyield traits;

2) To define and evaluate selection'

criteria for total economic merit or profit;

3) To

quantify genetic and environmental components of under
lying physiological characters responsible for genetic
gains in economically important traits;

4) To determine

interactions of genotype and environment;
genetic values for males and females.

5) To estimate

Current project

descriptions and review of prospects can be found in (6).
The objectives of this study were to compare cows
diagnosed as having clinical mastitis and from two sire
selection lines in order to assess differences in somatic
cell count score and differences in duration of the
episode as well as in the number of antibiotic treatments
applied.

The effect of various environmental factors and

type traits on milk somatic cell count score and duration
of episode was also investigated.
60

Amount and cost of
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discarded milk due to antibiotic treatment was calculated
from the results.

I.

HERD MANAGEMENT

Project animals were maintained along with non
project animals from Holstein and other dairy breeds
under a single management regime.

This was done to

minimize variation and bias due to environment and
management across selection lines.

A complete descrip

tion of feeding management can be found in (41).

A.

Mating Plans

Two sire selection lines were formed using predicted
difference

(PD) as a criteria based on progeny test

perfomance of daughters.

Sire selection lines were

defined as follows:
1).

Single trait (ST):

milk yield only.

Sires were selected for

Selection criteria was predicted

difference
for milk (PDM).
2).

Multiple trait (MT):

an index combining milk yield,
final type score.

Sires were selected using
fat yield and overall or

Weighting was 3:1:1 milk to fat to

type on a standard deviation basis.

Selection criteria

was predicted difference for milk (PDM), predicted
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difference for fat (PDF) and predicted difference for
type (PDT).
Annual sire selection was practiced with two sires
designated ST and two sires designated MT chosen each
year.

Individual sires were bred to project females over

a period of two years and then discontinued.

Sire selec

tion attempted to emulate selected practices of commer
cial dairy operations.

This was done to provide results

applicable to practical dairy situations as well as
genetic theory.

Therefore,

sire selection did not

theoretically maximized differences in the ST and MT
lines.

Sires were chosen from all active artificial

insemination (Al) sires available through national Al
organizations at the time sire selection decisions were
made.

Sires were selected based on ranking by selection

criteria subject to availability and price of semen.
The original dataset contained measurements on
foundation,

first,

Holstein cows.

second,

third and fourth generation

All animals were produced by mating

existing herd females to selected sires.

Foundation

animals consisted of all Holstein cows in the herd at the
time of project initiation in 1970.

First generation

animals were produced by mating foundation females to
selected ST or MT sires.

Foundation animals bred to ST

sires resulted in offspring designated first generation
ST, and those mated to MT sires resulted in first
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generation MT animals.

Second,

third and fourth genera

tion animals were produced by mating females from the
previous generation within a line

to sires designated
»

for use in the same line.

Generations within line were

determined solely b y female parent of the individual
animal.

Sires chosen in a given year were used randomly

over generations within their designated selection lines.
Foundation animals were not assigned to a particular
selection line.

Foundation animals were bred to sires

from either line over successive years.

Consequently,

foundation animals in some cases, produced both ST and MT
first generation animals.

Generation overlapping also

occurred in performance and clinical records since
individuals performed in multiple years.

B.

Milking Practices and Herd Health
Milking animals were maintained in one of three

groups for feeding purposes.

Grouping was by level of

production and stage of lactation.

Housing consisted of

an open air freestall confinement structure with three
separate lots.

Animals were group fed a complete mixed

ration of corn silage and grain concentrate twice daily.
Alfalfa and grass hay were fed separately depending upon
availability and need.
All animals were milked twice daily at twelve hour
intervals in a double four side opening parlor.

Milking
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equipment was renovated in 1981.

Existing milking

equipment was replaced along with addition of automatic
milking removal units, pneumatically operated stall gates
and an electric crowd gate.
Dry cows and bred heifers were maintained on various
perennial and annual pastures until three weeks prior to
parturition.

Animals were relocated into maternity areas

and fed low level milking herd rations 2-3 weeks prior to
parturition.
Herd health programs included post parturition
examination and treatment by clinicians from the Louisi
ana State University School of Veterinary Medicine.
Weekly programs also included pregnancy diagnosis on all
animals which were beyond thirty-five days post breeding
that had not previously been diagnosed pregnant.

All

breedings were by artificial insemination.
Milking hygiene included premilking wash of udder,
drying of udder by single service paper towels,

stripping

of quarters premilking to check for clinical mastitis,
and postmilking teat dip application ( . % iodine
1

solution).

0

Lactation therapy was administered when

clinical symptoms were apparent.

Clinically infected

cows were milked at the end of the normal milking
routine.

Quarters were completely milked out with

particular attention given to strippings of infected
quarters.

Pharmaceutically manufactured intrammary
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antibiotics were injected into infected quarters.

Date,

treatment used, quarter treated and any other pertinent
information was recorded.

II.

DATA MANAGEMENT
Clinical mastitis information recorded from 1973 to

1987 was used in the analysis.

Data for cows treated for

clinical mastitis were detailed farm records.

An

observation consisted of multiple records on lactations
of cows diagnosed as having had at least one episode of
clinical mastitis during that lactation.

The clinical

mastitis dataset contained records on calving date,
at calving,

date of clinical episode, quarter(s)

(QTINF), days of milk disposal
the first day of the episode

age

involved

(DISDAY), milk production

(MILKPROF)

as well as milk

production the last day of the episode (MILKPROL), number
of clinical episodes

(INFNO),

lactation number (PARITY),

line (ST or MT) and generation (GEN).
From these records several
added from other datasets,
variables:

new variables were either

or created from existing

1) Total quarter days treated (TOQTDAY), was

the sum of all individual quarter days treated;
number of antibiotic treatments (TONUMTRT),
of all individual quarter treatments;

2) Total

was the sum

3) Total rear

quarter days treated (REQTDAY), was the sum of rear
quarter days treated;

4) Total front quarter days
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treated (FRQTDAY), was the sum of front quarter days
treated;

5) Total rear quarter number of treatments

(RENUMTRT), was the sum of the number of treatments
applied to the rear quarters;
number of treatments

6

(FRNUMTRT),

) Total front quarter
was the sum of the

number of treatments applied to the front quarters;

7)

Amount of discarded milk (DISMILK) was calculated as the
average of MILKPROF and MILKPROL multipled by DISDAY.
Actual milk yield (MILK), actual milk fat yield
(FAT) and actual fat percent (PERFAT) corresponding to
the treated lactation were added to the clinical dataset
from a lactation dataset.

Mature equivalent milk

(MEMILK), mature equivalent fat (MEFAT) and mature
equivalent fat percent
adjusting MILK,

(MEPERFAT) were obtained by

FAT and PERFAT to 305-day lactation

lenght using factors daveloped by McDaniel et al.

(65),

and adjusted for age and season of calving using factors
reported by Norman et al.

(94).

Somatic cell count score (SCCS) data was obtained
from Dairy Herd Improvement Association (DHIA) official
records.

It consisted of test-day SCCS for the month the

infection was diagnosed.

Somatic cell counting was done

at the state DHIA lab using an automated Fossomatic cell
counting machine model number 215.

The DHIA somatic cell

count score to actual SCC convertion chart in presented
in Table 1.
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TABLE 1.

SCCS

Dairy Herd Improvement Association's somatic
cell count score (SCCS) to actual somatic cell
count convertion chart.

CELL COUNT (1000)

-

18

1

19 -

35

2

36 -

71

3

72 -

141

4

142 -

283

5

284 -

565

6

566 - 1130

0

0

7

1131 - 2262

8

2263 - 4523

9

4524 - 9999
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Milking,

metric characteristics and udder type

traits were incorporated into the analysis from separate
datasets matched to the animal by registration number and
corresponding lactation.

Milking traits were:

1) amount

of milk the first two minutes of milking (TWOMIN);

2)

percent of total milk the first two minutes of milking
(PERTWO);

3) time required for complete machine milking

(MACH);

and 4) average rate of milk flow in kg/minute

(FLOW).

Metric traits were:

ends before milking (AREAB);
ends after milking (AREAF);

1) area bounded by the teat
2) area bounded by the teat
3) udder height to lowest

point on udder floor before milking (UH );
(UC); 5) wither height (WH) and

6

4) udder cleft

) coefficients of udder

collapsability and udder expandability were the ratios of
udder area before and after milking.

Type traits were:

1) visual appraisal of fore udder (FUDDER);
appraisal of rear udder (RUDDER);

2) visual

3) visual appraisal of

udder support (USUPPORT) and 4) visual appraisal of teat
shape and placement (TEATS).
Subjective type traits were obtained from official
Holstein Association herd classification data.

Animals

were scored by an official Holstein Association herd
classifier.

Classifications were performed on approxima

tely 15 months intervals.
The unedited clinical mastitis dataset contained
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approximately 695 records (from 273 cows) of lactations
with at least one episode of clinical mastitis.

Records

on foundation and non project animals were not used for
the analysis as they did not fit the ST or MT descrip
tion.

For the SCCS analysis,

lactations prior to 1979

were deleted since official machine counting of somatic
cells was initiated that year.
approximately 420 lactations

After all data editings

(corresponding to 140 cows)

remained that contained SCCS data and approximately 590
lactations (corresponding to
the other analyses.

2

1

0

cows) were available-for

A complete listing of all variables

with number of observations for each is presented in
Tables 2 through

6

.

Number of observations for each

variable for the ST and MT lines are given in Tables 7
through 11.

Number of observations by LINE and genera

tion (GEN) and by LINE and PARITY are given in Tables 12
and 13, respectively.
The lactation dataset contained records on 1250
lactations from 782 cows of the ST and MT lines.

The

ratio of mastitic to all cows was 26.6% and the ratio of
infected lactations to all lactations was 47.2%.

For the

ST line the ratio of mastitic to healthy cows was 28.9%
while for the MT line this ratio was 24.1%.

Ratios of

infected lactations to all lactations for the ST and MT
lines were 47.3% and 45.4%,

respectively.
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TABLE 2.

Number of observations for production
traits.

Trait*

No. of cows

No. of obs.

190
198
198
208
208
208

MILK
FAT
PERFAT
MILKPROF
MILKPROL
DISMILK

546
543
543
583
583
583

* MILK
= actual milk production.
FAT
= actual fat production.
PERFAT
= actual fat percent.
MILKPROB = milk production first-day of episode.
MILKPROL = milk production last day of episode.
DISMILK = amount of milk discarded because of an
tibiotic treatment'.

Table 3.

Number of observations for mastitis
tr ai t s .

Trait*

No. of cows

SCCS
TOQTDAY
DISDAY
TONUMTRT
INFNO
* SCCS
TOQTDAY
DISDAY
TONUMTRT
INFNO

No. of obs,

140
2

0

2

2

0

2

2

0

2

181
=
=
=
=
=

somatic cell count score.
total sum of quarter days treated.
days of discarded milk.
total number of treatments applied.
number of episode.

422
581
581
581
528
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Table 4.

Number of observations for milking traits.
»

Trait*

No. of cows.

No. of obs.

TWOMIN
PERTWO
FLOW
MACH

201
201
203
203

571
571
581
581

* TWOMIN = amount of milk first two minutes of milking.
PERTWO = percent of total milk the first two minutes of
milking.
FLOW
= average milk flow rate.
MACH
= time required for machine milking.
,

Table 5.

Trait*

AREAB
AREAF
UH
UC
WH
CUE
CUC
* AREAB =
AREAF =
UH
=
UC
=
WH
.=
CUE
=
CUC
=

Number of observations for metric traits.

No. of cows

2

0

1

2

0

1

157
173
155
182
182

No. of obs.

580
580
441
461
438
510
510

area bounded by the teat ends before milking.
area bounded by the teat ends after milking.
udder height to lowest point on udder floor.
depth of udder cleft.
wither height.
coefficient of udder expandability.
coefficient of udder collapsability.
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TABLE 6.

Number of observations for classification
traits.

No.

Trait*

TABLE 7.

288
288
288
288

92
92
92
92

FUDDER
RUDDER
USUPPORT
TEAT
a FUDDER
RUDDER
USUPPORT
TEAT

No. of obs.

of cows

=
=
=
=

fore udder classification score.
rear udder classification score.
udder support classification score.
teat size and placement classification
score.

Number of observation's for production
traits by matin g line.
LINE

Trait*
Single Trait
no. of obs.

MILK
FAT
PERFAT
MILKPROF
MILKPROL
DISMILK
* MILK
FAT
PERFAT
MILKPROB

317
317
317
332
332
330
=
=
=
=

Multiple Trait
no. of obs.

229
2

2

0

2

2

0

251
251
251

actual milk production.
actual fat production.
actual fat percent.
milk production first day of clinical
mastitis episode.
MILKPROL = milk production last day of clinical episode
episode.
DISMILK = amount of milk discarded because of an
tibiotic treatment.
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TABLE 8.

Number of observations for mastitis
traits by mating line.
LINE

Trait*
Single Trait
no. of obs.

SCCS
TOQTDAY
DISDAY
TONUMTRT
INFNO
a SCCS
TOQTDAY
DISDAY
TONUMTRT
INFNO

TABLE 9.

173
238
238
238

249
343
343
343
318
=
=
=
=
=

Multiple Trait
n o . of o b s .

2

1

0

somatic cell count score.
total sum of quarter days treated.
days of discarded milk.
total number of treatments applied.
number of clinical mastitis episodes this
lactation.

Number of observations for milking traits
by mating line.
LINE

Trait"
Single Trait
n o . of o b s .
TWOMIN
PERTWO
FLOW
MACH

335
335
343
343

Multiple Trait
no. of obs.

236
236
238
238

TWOMIN = amount of milk first two minutes of milking.
PERTWO = percent of total amount of milk the first two
minutes of milking.
FLOW
= average milk flow rate.
MACH
= time required for machine milking.
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TABLE 10.

Number of observations for metric traits
by mating line.
LINE

Trait*
Sinqle Trait
no. of obs.
AREAB
AREAF
UH
UC
WH
CUE
CUC

Multiple Trait
no. of obs.

342
342
265
276
264
305
305

238
238
176
185
174
205
205

* AREAB = area bounded by the teat ends before milking,
AREAF = area bounded by the teat ends after milking,
UH
udder height to lowest point on udder floor,
depth of udder cleft,
UC
wither height.
WH
coefficient of udder expandability,
CUE
CUC
= coefficient of udder c ol lapsability.

TABLE 11.

Number of observations for classification
traits by mating line.
LINE

Trait*
Sinqle Trait
no. of obs.
FUDDER
RUDDER
USUPPORT
TEAT
* FUDDER
RUDDER
USUPPORT
TEAT

168
168
168
162

Multiple Trait
no. of obs.

1

2

0

1

2

0

1

2

0

118

= fore udder classification score.
= rear udder classification score.
=udder support classification score.
= teat size and placement classification
sco re .
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TABLE 12.

Total number of observations by. LINE and GEN.
LINE

GEN
Single Trait
cows
obs.

1
2

3
4

TABLE 13.

— .41
33
26
19

1

2

Multiple Trait
cows
obs.

29
40
13
7

0

97
94
32

8

8

103
35
1 2

Total number of observations by LINE and
PARITY
LINE

PARITY
Sinqle Trait
no. of obs.

1
2

3
4
5
6

144
90
51
32
2

0
6

Multiple Trait
no. of obs.

94
64
36
2

0

16
8

TOTAL

238
154
87
52
36
14
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II I.

STATISTICAL ANALYSIS

Data used in the analysis consisted o>f multiple
observations on cows diagnosed as clinically infected
with mastitis at least once during a lactation.

Data

were analyzed using least squares and linear methods of
the General Linear Models

(GLM) procedure in the Statis

tical Analysis System (120).
Various statistical models were used to accomplish
different objectives of the research.
contained known environmental effects.

Statistical models
Major identifi

able sources of environmental variation ijicluded season
of calving and year and month of infection.

Preliminary

analyses were carried out to determine which environ
mental effects were important.

Calving season was

included to remove seasonal differences within each year
of the study.

Calving year was not included in the final

model as it was found not to significantly affect the
variables under consideration.

Generation and parity was

included in the models in order to investigate the
genetic trends that might have occurred accross genera
tions and parities.

Interaction effects included are

those found to be important as a result of preliminary
analyses,

therefore not all possible interaction effects

were included in the final models.
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Model 1
»

Model 1 was used to identify major environmental
sources of variation for the dependent variable somatic
cell count score (SCCS).

Actual milk yield,

actual fat

yield and actual fat percent were included in the model
as covariates.

The interaction of LINE and PARITY was

not significant and therefore it was not included in the
final model.

The model was:

Yijkxm„Pq =

|i + LA + Gd + (LG)ij + Pk + Fx + H., + WB +
Xp + ^ X j

+ b2X 2 + b, X, + b4X4 + b5X s +

^ijklmnpq

Where:

Yj jlllBnp, = an observation of the dependent variable
H

= overall mean

Li

= effect due to the

i f h line

Gj

= effect due to the

jth generation

(LG)i;j

= interaction effect of the ith
jth generation

Pk

= effect due to the kth parity

line and the

78
F

= effect due to the l’:h month of infection

3

H„

= effect due to the m*h year of infection

Wn

= effect due to the nth infection number

Xp

= effect due to the p th month of calving

»

ba, b , b ,
2

b , b
4

3

5

= partial regression coefficient

of

the

dependent variable on Xj , X , X ,
2

X

3

Xj

= milk yield the first day of episode

X

2

= milk yield the last day of episode

X

3

= actual mil k yield

X

4

= actual fat yield

X

5

= actual fat percent

Eijkimnpg

= random error,

4

and X

5

assumed to be NID (0,o2 ).

Mo d e l 2

Model 2 was used to investigate sources of variation
for TOQTDAY, DISDAY,
and FRNUM TR T.
model 1.

TONUMTRT,

REQT DA Y, F R Q T D A Y , RENUMTRT

This model was essentially the same as

However,

SCCS was included in the model as an

independent effect.

The model was:
Y iJfeu „ p , r

= n + Li

+ G 3 + (L G )i j + P„

X p + Sq + bjXj
^ijklmnpqr

+ b X
2

2

+ FI + H„ + Wn +

+ b X
3

3

+ b X
4

4

+ b EX s
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Where:

h

v*L i j k l m n p q r

an observation of the dependent variable
overall mean

Li , G, , (LG)i j

same as model

1

Pk * Pi »

same as model

1

, Xp

effect of the q* h level of somatic cell

S„

count score
bi , b , b ,
2

3

same as model

1

X , Xs

same as model

1

^ijk l m n pq r

random error,

assumed to be NID (0,o2 )

b , b
4

5

Xa, X , X ,
2

3

4

Model 3

The purpose of this model was to investigate the
influence of milking and metric type traits on the
dependent variables TOQTDAY,

DISDAY and TONUMTRT.

model was run two different ways.

This

Somatic cell count

score was considered to be an independent effect in one
run and a dependent variable in the second run. The
second form of this model was done in order to inves
tigate the influence of milking and metric type traits on
the amount of somatic cells in milk.
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The model was:

Yijklmnpqr

= M + L±

+ G j+ P,t + Fj. + H,, +

b, X* .+

b X + b X

b X

b B X e+ bg X g

7

7

+

2

2

bl Xl + bj X)
2

2

3

3

3

+ b X

3

4

4

+ b X
5

+ b,„Xio

+ b

1

4

X

1 4

W n+ Xp + Sg
+ b X

5

6

bj Xj

+

3

3

+

6

+

+ b a Xjs + bj Xj
5

+

6

6

+

^ijklmnpq

Where:

y•‘■ijklmnpqr

zz an observation on the dependent variable

M

= overall mean

, Gj , Pk ,

= same as model

2

Fx , Hm , Wn ,

= same as model

2

Xp,

= same as model

2

- same as model

2

sg

bi , b , b3 ,
2

b4 t b s
bg , b 7 , bg ,
bg > bj o , bjj ,
bi ? , bj
bj

5

3

, bj 6

, bj

4

,
= partial regression coefficient of the
dependent variable ori X , X ..... Xx
6

x6

7

6

= amount of milk the first two minutes of
milking
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X

= percent of total milk the first

7

two minutes of milking
Xe

= time required for machine milking

X

9

= rate of milk flow

X

1 0

= area bounded by teat ends before milking

Xj i

= area bounded by teats ends after milking

X 12

= depth of udder cleft

Xj

= udder height

X

3

= wither height

a 4

Xj

5

= coefficient of udder collapsability

Xj

6

= coefficient of udder expandability

Eiikimnpgr

= random error,

assumed to be NID (0 , a 2 ).

Model 4

Model 4 was used to investigate the effect of
subjective classification type traits on TOQTDAY, DISDAY
and TONUMTRT.

The model was:

Y ijkinnpqrntv

= H + Li

+ G., + P,. + F,. + H„ + W n + Xp

+ Jq + K r + M., + N t + bjXj
^ b X
4

Where:

4

^ bj Xg

+ b X

^.ijjilnnpqrstv

2

2

+ b X
3

3
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Yj j x i„„P, r s t v

=

an observation of the dependent
variable

ja

= overall mean
Fi

IS same as model 3

H„. Wn , xp

= same as model 3

Li , G, , Pu
Fi

,

,

= effect of the g th fore udder score
= effect of the rth rear udder score

Kr

~ effect of the st h udder score
= effect of the tth teat score

Nt
bi > b , b > ^4 » b
2

3

Xi ,

x2 , x3 ,

Ei jk

1

X ,
4

mnp q r a t v

5

x5

= same as model 3

•

= same as model 3
= random error,

assumed to be NID

(0,o2 ).

Model 5
The purpose of this model was to determine the
influence of several environmental effects and type
traits on the amount of milk discarded due to treatment
for mastitis.

Amount of milk discarded due to treatment

with antibiotics was obtained from this model.

This was

used then to estimate dollar losses from discarded milk.

The model was:

y

■'•ijklmnpg

= |i + LA + Gj

+ Ph + (LP)lh + F, + Hn

+ Wn + Xp + Sq + b,X,

+ b X
2

2

+ b X
3

3

+
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b X
4

4

+ b X
5

^ 1 0 ^ 1 0

+ b X

5

6

6

+ b X
7

+ ba X

7

+ b Xg

8

9

^ i j !■• I m n p q

k

Where:
Y ijklmnpq

= an observation of the dependent
variable

n

= overall mean

Li , G, , Pk , (LG)ik

= same as model

2

h„, w n , Xp , Sg

= same as model

2

f

1 4

bi > b , b

3

= same as model 3

X, , X , x

3

= same as model 3

7

2

b , bs , b , b ,
4

6

be , bg , bj o

7

= partial regression
the dependent variable on X ...X
4

X

4

1 0

= amount of milk the first two
minutes of milking

X

5

= time reqp.fired for complete milking

X

6

= rate of milk flow

X

7

= area bounded by the teat ends
before milking

X

8

= area bounded by the teat ends
after milking

Xg

= udder height

Xjo

= wither height

Eijkimnpq

= random error,
(0,o2 ).

assumed to be NID
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Model

6

This model was used to estimate least squares means
for MEMILK, MEFAT and MEFATPER by breeding line for the
cows on the clinical mastitis dataset.

These means were

then compared to those of the population (all cows in the
herd).

The model was:

= (J + L,

j It 1 » n

+ Gs + (LG)Aj

W n + Xp + b,X, + b X
2

b X
5

+

5

^

1

0

k

X

4 X j

^

1

b X
6

6

+b X
7

+ b,,X n

0

4

£

i -i •• I nt n

7

2

+ Pk +
+ b X

+ baX

+ bj 2 X] 2
p

3

8

3

Fx + H„ +
+ b X

+ bj 3 Xj 3

q

an observation of the dependent

n

= overall mean

L* , Gj . (l g )i i

= same as model

2

Fi

= same as model

2

, ^

, K
,

b , b , b ,
2

3

4

b , b , b , b ,
5

6

7

8

bg > bio > bj j ,

4

+ bg Xg +

Where:

variable

4

+

+
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2

» bj

3

, bj

4

= partial regression coefficient of the
depentdent variable on X! , X

X ,
2

X

2

2

Xi

= same as model 2

X

3

= amount of discarded milk

X

4

= amount of milk the first two minutes
of milking

X

= percent of total milk the first two

5

minutes of milking
X

6

= time required for complete milking

X

7

= rate of milk flow

Xe

= area bounded by the teat ends before
milking

X

= area bounded by the teat ends after

9

milking
X 10

= depth of udder cleft

X! i

= udder height

Xj

2

= wither height

Xj

3

= coefficient of

udder collapsability

Xj

4

= coefficient of

udder expandability

Sijkimnpq

= random error,

(0, o2 ) .

assumed to be NID

4

RESULTS AND D I SCUSSION
Cows diagnosed as having clinical mastitis from two
sire selection lines (ST and MT) were compared in order
to assess differences in somatic cell count scores as
well as the duration of clinical episodes.

The effect of

various environmental effects and type traits were
studied

and the amount and cost of discarded milk due to

antibiotic treatment was calculated from the results.
A preliminary analysis was conducted (model

6

) to

investigate differences between the two lines for the •
production traits.

Least squares means and standard

errors of MEMILK, MEFAT and MEFATPER for each selection
line for cows in the clinical mastitis dataset are given
in Table 14.

Single trait cows averaged 323.11 kg more

milk than MT cows.

This difference was statistically

significant at the P<.05 level.

Multiple trait cows

produced 1.65 kg more fat than ST cows, however this d i f 
ference was not significant.

Multiple trait cows

averaged 0.22 higher percent fat than ST cows (P<.05).
These results are in agreement with published results for
all cows in the herd (41) and reflect the two different
selection criteria.

Selection in the ST line is based

only on milk production while the MT line is selected
based on an index combining milk,

86

fat and type.
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Table 14.
Least squares means and standard errors for
MEMILK, MEFAT and MEFATPER by line for the clinical
mastitis dataset (model
).
6

LINE
Trait*

MEMILK
MEFAT
MEFATPER

“

MEMILK
MEFAT
MEFATPER

SINGLE TRAIT
Mean
S.E.

MULTIPLE TRAIT .
Mean
S.E.

7488..89 kg

231,.73 kg

7165..78 kg

230..53 kg

kg

9..81 kg

255..67 kg

9..74 kg

254.

. 0 2

3 . 36 %

0 ..

1

0

%

3..58 %

= 2X-305day-ME milk production.
= 2X-305day-ME fat production.
= 2X-305day-ME fat percent.

0 .,

1 0

%
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I.

SOMATIC CELL SCORE ASSOCIATED WITH CLINICAL MASTITIS
IN SINGLE AND MULTIPLE TRAIT SELECTED LINES OF
HOLSTEIN COWS
There have been several attempts to increase mammary

gland resistance to bacterial infection.

Use of In

tramammary devices (IMD) to increase milk sommatic cells
is an example of such efforts.

Numerous reports have

dealt with the phenotypic association between milk yield
and somatic cells in milk of healthy cows

(1,64,79,83).

Most studies have found negative correlations between ,
milk yield and mastitis incidence (52,145).

This

negative association poses the question as to the p os
sibility of differences in lines of dairy cattle selected
just for milk and lines selected using an index of milk
and other traits relative to possible responses to
mastitis.
Table 15 presents the results of the least squares
analysis of variance for somatic cell count score.
was highly significant

(P<.01),

L ine

indicating differences

between the ST and MT lines in SCCS relative to mastitis.
Figure 1 represents the least squares estimates for SCCS
by line.

Means and standard errors are given in Appendix

Table 1.

Estimate of SCCS for the ST line was 1.71 while

the MT estimate was 4.86 (based on DHI scale of 0 to 9).
Miller et al.

(77) found no significant differences in

SCC of two similarly selected lines.

However,

they had
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TABLE 15.
Degrees of freedom, sums of squares and
probability values of sources of variation (model
) for
somatic cell count score.
1

SOURCE*

D.F.

LINE
GEN
LINE X GEN
PARITY
INFDAMO
INFDAYR
INFNO
CALVMO
MILKPROF
MILKPROL
MILK
FAT
PERFAT
RESIDUAL

1

3
3
5
1 1

5
5
1 1
1
1
1
1
1

204

LINE
=
GEN
LINE X GEN=
=
PARITY
=
INFDAMO
=
INFDAYR
=
INFNO
—
CALVMO
=
MILKPROF
MILKPROL

=

MILK
FAT
PERFAT

=
=:
=

SUM OF SQ.

265.36
7.00
41.08
13.38
49.29
24.42
7.46
28.42
0.30
0

.

0

0

• 1.78
1.54
0.15
1208.33

PR > F

0

.

0

0

0.37
0

.

0

0

0.38
0

.

0

6

0.09
0.71
0.42
0.73
0.98
0.40
0.43
0.81

breeding line (ST. MT)'.
generation.
line by generation interaction.
lactation number.
month of clinical mastitis episode.
year of clinical mastitis episode.
number of clinical episodes.
calving month.
milk production the first day of clinical
mastitis episode.
milk production the last day of clinical
mastitis episode.
actual milk production.
actual fat production.
actual fat percent.

6

5

3

0
ST

FIGURE 1.
Least squares means for somatic cell
count score (SCCS) by breeding line (ST, M T ) .
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reservations about the interpretation of their results
because of the limited sampling of environmental condi
tions pertaining to mastitis and because their report was
based primarily on first lactations,

not allowing full

opportunity for expression of animal differences.
Generation was not a significant source of variation
for SCCS.

Figure 2 illustrates the least squares means

for all 4 generations included in the analysis.

Means

and standard errors are given in Appendix Table 2.

No

significant changes occurred from generation to genera
tion.

However,

the LINE by GEN interaction was highly

significant (P<.01).

Least squares means for this

interaction are shown in Figure 3.

Appendix Table 3

contains the means and standard errors.

Multiple trait

cows had higher SCCS than ST cows across all generations.
Somatic cell count scores seemed to increase slightly
with generation for the MT line (differences were not
significant).

The ST line experienced a sharp drop in

SCCS from generation 1 to 2 (P".01) and no significant
changes thereafter.

These results suggest there are

differences between the ST and MT lines in somatic cell
score relative to mastitis infection.

It has been

suggested (123) that the number of somatic cells in milk
is associated with resistance to infection.

This may be

an indication that the ST lines physiological response to
mastitis pathogens is weakening, posibly due to the
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6

5

SCCS

Jl

O

t

0

FIGURE 2.
Least squares means for somatic cell
count score (SCCS) by generation.

93

7

6

5

SCCS

j.

2

*1

C

C -N tS A T IO N

>Z2Ii

„

SS3 y~

FIGURE 3.
Least squares means for somatic cell’
count score (SCCS) by breeding line and
g e ne r a t i o n .
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stress of higher milk production as a result of selec
tion.

Somatic cell score in the MT line seemed to be

higher and constant from generation to generation.
Parity did not significantly affect SCCS.

Figure 4

represents the least squares means for parities 1 to 6.
Means and standard errors are in Appendix Table 4.
Changes in SCCS were not significant.

Preliminary

analysis showed the LINE by PARITY interaction was not
significant and therefore it was dropped from the final
model.

This agrees with results by Miller et al.

and Braund and Schultz
Month (INFDAMO)

(77)-

(11).

and year (INFDAYR) of clinical

mastitis episode were found to be significant sources of
variation for SCCS (P<.10).

Figure 6 illustrates the

least squares means for INFDAMO.

In general,

there was a

tendency for lowest SCCS in the period from January to
April and highest scores were observed from May to
December.

Other researchers

(11,77) have found higher

levels of somatic cells in the winter months and lower
levels in the summer.

Means and standard errors are

given in Appendix Table 6.
Number of clinical episodes

(INFNO) and month of

calving (CALVMO) did not significantly affect SCCS.
Figures 5 and 7 represent the least squares means for
these effects.

Means and standard errors can be found in

Appendix Tables 6 and 7.

PARRY

FIGURE 4.
Least squares means for somatic cell
count score (SCCS) by parity.
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5

SCCS

3

1

G
3

x.

IUFNO
FIGURE 5.
Least squares means for somatic cell
count score (SCCS) by number of clinical mastitis
episode (INFNO).
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SCCS

5

0 1Z/\ j 1 Z A
JUL

MAY

OCT

IK FC A M C

FIGURE 6.
Least squares means for somatic cell
count score (SCCS) by month of clinical mastitis
episode (INFDAMO).
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5

SCCS

3

0
n

JU',

MAY

I

CX.WO
FIGURE 7.
Least squares means for somatic cell
count score (SCC) by month of calving (CALVMO).

C
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Milk production the first day of clinical episode
and last day of clinical episode did not affect SCCS.
Actual milk,

actual fat and actual percent fat were not

related to SCCS.

These results are in agreement with

several reports (79,80,145).

However,

others have found

significant negative associations between milk production
and SCC (2,52).

Miller et al.

(77) concluded that since

most studies use milk yield for the whole lactation,
interpretation of such analyses is uncertain because of
the confounding effects of mastitis upon subsequent milk
yield.
Table 16 presents partial results of the least squa
res analysis of variance (model 3) of milking,
physical traits for SCCS.
0.69.

and metric

The R2 for this model was

Partial and standard partial regression coeffi

cients of SCCS for milking,
are given on Table 17.

and metric physical traits

Time required for machine milking

(MACH) was a highly significant source of variation for
SCCS (P<.01).

One minute decrease in milking time was

associated with and increase of .346 units of SCCS (DHIA
scale of 0 to 9).

Schalm (123) suggested that an

increase in somatic cells in milk reflects increased
resistance to pathogens.

Therefore,

these results may be

an indication that slower milking cows have decreased
natural defenses against mastitis causing organisms.
Also cows that give more milk take longer to milk and
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cows that do not have mastitis give more milk. Wither
height (WH) was positively associated with SCCS (P<.01).
This may indicate that taller cows tend to have higher
levels of somatic cells and possibly are more resistant
to infection.

None of the other milking or physical

traits in the model were significant sources of varia
tion.

Seykora and McDaniel

(129) found significant

associations between udder height, udder cleft,
bounded by the teat ends before milking and SCC.

and area
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TABLE 16.
Degrees of freedom, sums of squares and
probability values of milking, and metric physical traits
(model 3) sources of variation for somatic, cell count
sco re .

SOURCE*

TWOMIN
PERTWO
MACH
FLOW
AREAB
AREAF
UH
UC
WH
CUE
CUC
RESIDUAL

D.F.

1
1
1
1
1
1
1
1
1
1
1
197

SUM OF SQ.

3 .98
0.43
10.89
0.03
0.27
2.07
0. 19
0.00
5 .51
1.64
0.22
402.72

PR > F

0.16
0.65
0.00
0.90
0. 72
0.32
0. 76
0.99
0.10
0.37
0.74

TWOMIN = amount of milk first two jninutes of milking.
PERTWO = percent of total milk first two minutes of
milking.
MACH
= time required for machine milking.
FLOW
= average milk flow rate.
AREAB = area bounded by the teat ends before milking.
AREAF = area bounded by the teat ends after milking.
UH
= udder height to lowest point on udder floor.
UC
= depth of udder cleft.
WH
= wither height.
CUE
= coefficient of udder expandability.
CUC
= coefficient of udder collapsability.
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TABLE 17.
Partial regression coefficients (b), standard
partial regression coefficients (b' ) and probability
values of somatic cell count score for milking and metric
physical traits (model 3).

TRAIT*

MILKPROF
MILKPROL
TWOMIN
PERTWO
MACH
FLOW
AREAB
AREAF
UH
UC
WH
CUC
CUE

b

0.008
0.010
-0.089
-0.006
-0.346
-0.022
-0.002
0.007
-0.008
0.002
0.058
3.263
-0.274

b'

RANK

0.069
0.074
-0.230
-0.050
-0.336 (1)
-0.020
-0.113
0.237
-0.028
0.008
0.128 (2)
0. 186
-0.051

PR > T

0.34
0.32
0.16
0.6.5
0.00
0. 90
0.72
0.32
0.76
0.99
0.10
0.37
0. 74

•MILKPRO = milk production first day of clinical episode.
MILKPRO
= milk production last day
of clinical episode.
TWOMIN
= amount of milk first two
minutes of milking.
PERTWO
= percent of total amount of milk first two
minutes of milking.
MACH
= time reqired for machine
milking.
FLOW
= average milk flow rate.
AREAB
= area bounded by the teat ends before milking.
AREAF
= area bounded by the teat ends after milking.
UH
= udder height to lowest point on udder floor.
UC
= depth of udder cleft.
WH
= wither height.
CUE
= coefficient of udder expandability.
CUC
= coefficient of udder collapsability.
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II.

NUMBER OF TREATMENTS REQUIRED AND DURATION OF
CLINICAL EPISODE DUE TO MASTITIS IN SINGLE AND
MULTIPLE TRAIT LINES OF HOLSTEIN COWS.

The duration of clinical episodes and the number of
treatments required to re-establish udder health are
important economic considerations to dairy producers.
Longer treatment periods translate into more milk
discarded and added costs of drugs and labor.
Response to treatment for mastitis can be measured
as the number of days required to clear the infection and
as the number of treatments necessary for the lactating
cow to return to the milking herd.
Tables 18 through 20 contain the least squares means
from analyses of variance for total quarter days treated,
days of discarded milk and total number of treatments
applied,

respectively.

Line was a highly a significant source of variation
(P<.01) for all three variables.

Figures 8 through 10

present the least squares means for TOQTDAY,
TONUMTRT by line.

DISDAY and

Means and standard errors are in

Appendix Tables 8 through 10.

Means for TOQTDAYS and

DISDAY for the ST line were 15.95 and 16.70 days, whereas
means for the MT line were 6.14 and 7.80 days,
tively.

respec

Means for TONUMTRT were 24.58 for the ST line

and 13.44 for the MT line.

These results indicate that

the ST line required significantly more days and more
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TABLE 18.
Degrees of freedom, sums of squares and
probability values for sources of variation (model 2) for
total quarter days treated.

SOURCEn

LINE
GEN
LINE X GEN
PARITY
INFNO
INFDAMO
INFDAYR
CALVMO
SCCS
MILKPROF
MILKPROL
MILK
FAT
PERFAT
RESIDUAL

LINE
GEN
LINE X GEN
PARITY
INFNO
INFDAMO
INFDAYR
CALVMO
SCCS
MILKPROF
MILKPROL
MILK
FAT
PERFAT

D.F.

1
3
3
5
5
11
8
11
9
1
1
1
1
1
257

SUM OF SQ.

1608.04
184.84
1426.94
1084.48
1242.81
2970.42
6761.63
1721.90
4813.80
7.1.04
300.80
150.81
69.11
27.91
29340.47

PR > F

0.00
0.66
0.00
0.09
0.06
0.01
0.00
0.19
0.00
0.43
0.11
0.25
0.44
0. 62

= breeding line (ST. MT).
sr g e ne ra ti on .
= line by generation interaction.
= lactation number.
number of clinical mastitis episode.
= month of clinical mastitis episode.
= year of clinical mastitis episode.
s= month of calving.
=
somatic cell count score.
milk production first day of clinical
mastitis episode.
= milk production last day of clinical
mastitis episode.
= actual milk production
actual fat production.
actual fat percent.
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TABLE 19.
Degrees of freedom, sums of squares and
probability values for sources of variation (model 2) for
days of discarded milk.

D.F.

SOURCE-

1
3
3
5
5
11
8
11
9
1
1
1
1
1
257

LINE
GEN
LINE X GEN
PARITY
INFNO
INFDAMO
INFDAYR
CALVMO
SCCS
MILKPROF
MILKPROL
MILK
FAT
PERFAT
RESIDUAL

* LINE
GEN
LINE X GEN
PARITY
INFNO
INFDAMO
INFDAYR
CALVMO
SCCS
MILKPROF

=
=
—
=
—
=
=
=
=
=

MILKPROL

=

MILK
FAT
PERFAT

=
rr
=

SUM OF SQ.

1637.79
156.73
1454.13
1391.71
1416.84
1905.61
3788.95
1611.97
4718.33
225.81
261.64
235.97
119.46
58.69
28025.93

PR > F

0.00
0.70
0.00
0.03
0.03
0.01.
0.00
0.20
0.00
0.15
0.12
0.14
0.29
0.46

breeding line (ST, M T ) .
generation.
line by generation interaction.
lactation number.
number of clinical mastitis episode.
month of clinical mastitis episode.
year of clinical mastitis episode.
month of calving.
somatic cell count score.
milk production the first day of clinical
mastitis episode.
milk production the .last day of clinical
mastitis episode.
actual milk yield.
actual milk fat.
actual percent fat.
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TABLE 20.
Degrees of freedom, sums of squares and
probability values for sources of variation (model 2) for
total number of treatments applied.

D.F.

SOURCE*

1
3
3
5
5
11
8
11
9
1
1
1
1
1
257

LINE
GEN
LINE X GEN
PARITY
INFNO
INFDAMO
INFDAYR
CALVMO
SCCS
MILKPROF
MILKPROL
MILK
FAT
PERFAT
RESIDUAL

LINE
GEN
LINE X GEN
PARITY
INFNO
INFDAMO
INFDAYR
CALVMO
SCCS
MILKPROF

=
=
=
=
=
=
=
=
=
=

MILKPROL

=

MILK
FAT
PERFAT

=
=r
=

SUM OF SQ.

2568.28
820.28
3947.49
2229.98
3634.68
7683.86
17465.02
3662.82
9178.96
117.17
857.08
107.65
38.21
11.66
58003.21

PR > F

0.00
0.31
0.00
0.08
0.00
0.00
0.00
0.14
0.00
0.47
0.05
0.49
0. 68
0.82

breeding line (ST. M T ) .
g e ne ra ti on .
line by generation interaction.
lactation number.
number clinical mastitis episode.
month of clinical mastitis episode.
year of clinical mastitis episode.
month of calving.
somatic cell count score.
milk production the first day of clinical
mastitis episode.
milk production the last day of clinical
mastitis episode.
actual milk production.
actual fat production.
actual percent fat.

107

13

999999^

ravu
ST
U>,‘ E

FIC-URr. 8.
Least squares means for total quart;
days treated (T O Q T D A Y ) by breeding line.

108

15
15

13

12
DAYS

I

0

x

LIME
FIGURE .9.
Least squares means for days of
discarded m i l k (DISDAY) by breed in g line.

105

26

7018127673
22

NUMBER

OF

TRT

20

MT

ST
LINE

FIGURE 10.
Least squares means for total number
of antibiotic treatments (TONUMTRT) by breeding
line.

110

treatments with antibiotics than the MT line.

The

difference in duration of episode and number of treat
ments applied suggested that the ST line n\ay have
diminished response to antibiotic treatment.

Results

from section (I) of this research showed that the ST line
had significantly lower levels of somatic cells in the
milk the month the infection was diagnosed.

This may

help explain differences in episode duration and response
to treatment.

Cows with higher SCC are probably better

able to resist infection and recuperate faster from the
clinical condition.

The stress of higher milk yield

resulting from ST selection may have depressed the
ability to recuperate from an episode of clinical
mastitis.

Miller et al.

(77) did not find significant

differences between ST and MT lines for number of
treatments applied.
An effort was made to determine if breeding line had
the same effect on the front and rear udder quarters as
on the whole udder.

Traits analyzed were quarter days

treated for rear quarters

(REQTDAY),

for front quarters (FRQTDAY),

quarter days treated

number of treatments

applied to rear quarters (RENUMTRT) and number of
treatments applied to front quarters

(FRNUMTRT).

Line

was significant (P<.01) for REQTDAY and RENUMTRT but not
for FRQTDAY or FRNUMTRT.

Least squares means by line for

these effects are illustrated in Figures 11 and 12.

For

Ill
rear quarters, means for the ST line were significantly
higher (P<.01) than those of the MT line.

However, means

for the front quarters were not different from each
other.

This indicates that more stress as a result of

selection was put on the rear quarters since approximat
ely 60% of the total milk is produced there.
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Generation was not a significant source of variation
for T O Q T D A Y , DISDAY or T ON U M T R T .

Figures 13 through 15

represent the least-squares means for these effects.
Appendix Tables 13 through 15 contain the means and
standard errors.

There was a slight trend for increased

number of days treated and number of antibiotic treat
ments across generations, however differences were not
significant.

Other researchers

(77,82) have found

generation to a have a significant effect on the duration
of the infection.

The LINE X GEN interaction was highly

significant (P<.01).

Figures 16 through 18 illustrate

the least squares means for this interaction.

Means and

standard errors are given in Appendix Tables 16 through
18.

Single trait cows had more quarter days treated,

more days of discarded milk and more treatments applied
than MT cows in each of the 4 generations.

In general,

means for the ST line increased significantly from
generation to generation while changes in the MT line
were not significant.

This seems to indicate that the ST

line's ability to recuperate from a clinical episode of
mastitis has diminished from generation to generation.
Results from section (I) pointed out the differences in
SCCS between the two lines accross generations.

Since

the ST line seems to have decreased SCCS with each
succesive generation,

it follows that the clinical

condition of mastitis tended to last longer.
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Parity significantly affected TOQTDAY (P<.10),
DISDAY (P < .05) and TONUMTRT (P<.10).

Least squares mean

estimates for this effect are represented in Figures 19
»

through 21.

Appendix Tables 19 through 21 contain the

means and standard errors.

In general,

days treated and

number of treatments increased with parity.

Larger

differences were observed between the first two parities.
Changes thereafter were smaller.

This is in agreement

with previous reports (77,97,124,145).

Age seems to

reduce the animal's ability to respond to infection.
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Number of clinical episode in a given lactation
(INFNO) was an important source of variation for TOQTDAY
(P<.10), DISDAY (P<.05) and TONUMTRT (P<.01).

Least-

»

squares means for this effect are represented in Figures
22 through 24.

Appendix Tables 22 through 24 list the

means and standard errors.

There was a trend for cows

with higher number of previous clinical mastitis episodes
to have longer clinical episodes and to require more
treatments.

This may be an indication that an animal's

ability to respond to infection is decreased proportion
ally after each clinical episode.

This may also be a

result of repeated flare ups of difficult to treat, deep
seated infections.

Month and year of episode were highly

significant sources of variation in the model

(P<.01).

Least-squares means for INFDAMO are shown in Figures 25
through 27.

Means and standard errors are given in

Appendix Tables 25 through 27.

Distribution of clinical

mastitis episodes and number of treatments through the
year was erratic and did not follow a definite pattern.
Higher means were observed during the months of March,
May and September while lower estimates corresponded to
the months of February and December.

Month of calving

(CALVMO) did not affect the variables studied.
agrees with reports by Miller et al.
al.

(82).

This

(77) and Morse et

126

20

16

DAYS

12

A.

J

3

IMFVO
FIGURE -22.
Least squares means for total quar.er
days treated (TOQTDAY) by number of episodes
(I N F N O ) .

127

20
19

13
17
15
15

U
13
12

11
10
9

5

*;
L

J
2

1
0
IMF NO

F IGUR E 23.
Least squares means for days of
d isca rd ed m i l k (DISDAY) by number of episodes
(I N F N O ) .

128

30

tut

a

Of-'

5

m.iMiuin

20

J.

0
5

Jl

0
‘
i

5

FIGURE 24.
Least squares means for total number
of antibiotic treatments (TONUMTRT) by number of
e pisodes (INFNO).

129

25

-

13

-

may:

20

JUH

JUL

AUC

SEP

0

ISi'FCAW O

FIGURE 25.
Least squares means for total cruarter
days treated (TOQTDAY) by month of clinical
episode (INFDAMO).

130

22
20

-

18 -

I'AYS

16

APR

WAY

JUL

cc:

IW.-CAMO

FIGURE 26.
Least-squares means for days of
d is c a r d e d m i l k (DISDAY) by month of clinical
episode (INFDAMO).

131

35

-

20

N u u n irit

o ir m r

30

MAY

JUM

JU',

SEP

CCT

DEC

INFCAMO

FIGURE 27.
Least squares means for total number
or antibiotic treatments (T O N U M T R T ) by month of
clinical episode.

132
Tables 20 through 22 contain partial results of the
least squares analyses of variance
DISDAY and TONUMTRT.

(model 3) for TOQTDAY,

Shown are milking and physical
»

traits.

Partial regression coefficients

partial regression coefficients

(b) and standard

(b') of the dependent

variables for milking and physical traits are given in
Tables 23 through 25.
Daily milk production the first day of clinical
episode (MILKPROF) was significant for TOQTDAY, TONUMTRT
(P<.05) and DISDAY (P<.01).

Milk production the last day

of the episode (MILKPROL) was also a significant source
of variation for TOQTDAY,
(P<.05).

TONUMTRT .(P< .01) and DISDAY

Partial regression coefficients were positive

for MILKPROF and negative for MILKPROL.

The positive

association of MILKPROF with TOQTDAY, DISDAY and TONUMTRT
suggests that cows producing more milk when first diag
nosed tend to have longer episodes and receive more
treatments than cows at a lower level of production.
the other hand,

On

cows with shorter episodes do not seem to

suffer as great a deppression in milk production as cows
with longer episodes.
Contributions of TWOMIN and PERTWO were not sig
nificant sources of variation in the model.

Time

required for machine milking (MACH) was significant for
TOQTDAY, DISDAY (P<.10) and TONUMTRT (P<.05).

Partial

regression coefficients for this effect were positive
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which indicated that slower milking cows have longer
episodes and receive more treatments or cows that have
more severe episodes tend to be slower milkers.
be related to an overmilking effect.

This may

Cows on which the

milking machine is left longer may have an increased
chance of teat injuries and damaged mammary tissue.

Milk

flow (FLOW) was no a significant effect in the model.
Some researchers have reported significant negative
associations between rate of milk flow and mastitis
resistance (28,128).
Area bounded by the teat ends before (AREAB) and
after milking (AREAF) were highly significant sources of
variation for TOQTDAY, DISDAY AND TOTNUMTRT (P<.01).
Regression coefficients were negative for AREAB and
positive for AREAF.

Ranking of standard regression

coefficients indicated that of the milking and metric
traits these two traits were the most important con
tributors to variation in the model.

These results

indicate that cows with larger areas between the teats
after milking had longer episodes and recieved more
treatments, posibly because of increased scar tissue and
milk left in the udder after milking.

On the other hand,

cows with larger areas between the teats before milking
had shorter clinical episodes and consequently received
less treatments.

Seykora and McDaniel

(129) reported a

strong positive association between area between the
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teats before and after milking with number of somatic
cells in the milk of healthy cows.
Udder height (UH) was associated with TOQTDAY,
DISDAY and TONUMTRT (P<.01).

The sign of the regression

coefficient indicated a negative association between UH
and these variables.

A 1 cm decrease in UH corresponded

to an increase of .6 TOQTDAY.

Depth of udder cleft (UC)

and coefficients of udder collapsability (CUC) and udder
expandability (CUE) were not significant sources of
variation.
(P<.01).

Wither height (WH) was highly significant •
The negative regression coefficient suggested

that taller cows had shorter episodes and therefore
received less treatments.

This may be the result of

fewer injuries sustained by udders of taller cows and by
higher udders being conductive to better hygiene and ease
of milking machine application.

It might also be related

to the overall size of the cow.

Seykora and McDaniel

(129) found similar relationships for these effects.
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TABLE 21.
Degrees of freedom, sums of squares and
probability values for milking and physical traits
sources of variation (model 3) for total quarter days
treated.

D. F.

SOURCE*

1
1
1
1
1
1
1
1
1
1
1
1
1
183

MILKPROF
MILKPROL
TWOMIN
PERTWO
MACH
FLOW
AREAB
AREAF
UH
UC
WH
CUE
CUC
RESIDUAL
"MILKPROF
MILKPROL
TWOMIN
PERTWO
MACH
FLOW
AREAB
AREAF
UH
UC
WH
CUE
CUC

=
=
=
=
=
=
=
=

=
=
=
=
=r

SUM OF SQ.
624.45
723.52
0.23
27. 74
419.09
217.68
1063.82
1232.71
1039.52
160.69
1995.25
277.05
48. 42
21775.78

PR > F
0.02
0.01
0.97
0.63
0.06
0.180.00
0.00
0.00
0.25
0.00
0.13
0.52

milk production the first.day of episode.
milk production the last day of episode.
amount of milk first two minutes of milking
percent of total amount of milk the first two
minutes of milking.
time required for machine milking.
average milk flow rate.
area bounded by the teat ends before milking.
area bounded by the teat ends after milking.
udder height to lowest point on udder floor.
depth of udder cleft.
wither height.
coefficient of udder expandability.
coefficient of udder collapsability.
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TABLE 22.
Degrees of freedom, sums of squares and
probability values for milking and physical traits
(model 3) sources of variation for days of discarded
milk.

D.F.

SOURCE“

1
1
1
1
1
1
1
1
1
1
1
1
1
183

MILKPROF
MILKPROL
TWOMIN
PERTWO
MACH
FLOW
AREAB
AREAF
UH
UC
WH
CUE
CUC
RESIDUAL

*MILKPROF
MILKPROL
TWOMIN
PERTWO
MACH
FLOW
AREAB
AREAF
UH
UC
WH
CUE
CUC

=
=
=
=
=r
=
=
=
=
=
=
=
=

SUM OF SQ.

939.63
554.21
6.35
8.18
223.97
130.90
549.58
742.33
774.67
154.77
1400.23
183.14
40.95
21595.16

PR > F

0.00
0.03
0.82
0.79
0.07
0.29
0.03
0.01
0.01
0.25
0.00
0.21
0.56

milk production the first day of episode.
milk production the last day of episode.
amount of milk first two minutes of milking
percent of total amount of milk the first two
minutes of milking.
time required for machine milking.
average milk flow rate.
area bounded by the teat ends before milking.
area bounded by the teat ends after milking.
udder height to lowest point of udder floor.
depth of udder cleft.
wither height.
coefficient of udder expandability.
coefficient of udder collapsability.
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TABLE 23.
Degrees of freedom, sums of squares and
probability values for milking and physical traits
(model 3) sources of variation for total number of
treatments applied.

SOURCE*

MILKPROF
MILKPROL
TWOMIN
PERTWO
MACH
FLOW
AREAB
AREAF
UH
UC
WH
CUE
CUC
RESIDUAL

D.F.

1
1
1
1
1
1
1
1
1
1
1
1
1
183

SUM OF SQ.

928.42
1912.52
0.06
10.42
946.15
455.20
2239.92
2504.82
1507.76
304.48
3301.11
636.60
137.27
43440.81

PR >

0.04
0.00
0.99
0.83
0.04
0.17
0.00
0.00
0.01
0.26
0.00
0.11
0.45

"MILKPROF = milk production the first day of episode.
MILKPROL = milk production the last day of episode.
TWOMIN
= amount of milk first two minutes of milking
PERTWO
= percent of total amount of milk the first two
minutes of milking.
MACH
= time required for machine milking.
FLOW
= average milk flow rate.
AREAB
= area bounded by the teat ends before milking.
AREAF
= area bounded by the teat ends after milking.
UH
= udder height to lowest point on udder floor.
UC
= depth of udder cleft.
WH
= wither height.
CUE
= coefficient of udder expandability.
CUC
= coefficient of udder collapsability.
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TABLE 24.
Partial regression coefficients (b), standard
partial regression c o ef fi ci en ts -( b ') and probability
values for total quarter days for milking a n d physical
traits (model 3).

TRAIT*
MILKPROF
MILKPROL
TWOMIN
PERTWO
MACH
FLOW
AREAB
AREAF
UH
UC
WH
CUC
CUE

b
0.161
-0.196
-0.023
0.052
1.786
2.021
-0.097
0.186
-0.616
1. 738
-1.135
44.669
-4.475

b'
0.210
-0.220
-0.009
0.066
0.285
0.279
-0.832
0. 952
-0.330
0. 107
-0.378
0.386
-0.126

RANK

(7)
(6)

(5)
(2)
(1)
(4)
(3)

PR > T
0.02
0.01
0.97
0. 63
0.06
0. 18
0.00
0.00
0.00
0.25
0.00
0.13
0.52

“MILKPROF = milk production the firs.t day of episode.
MILKPROL = milk production the last day of episode.
TWOMIN
= amount of milk first two minutes of milking
PERTWO
= percent of total amount of milk the first two
minutes of milking.
MACH
= time required for machine milking.
FLOW
= average milk flow rate.
AREAB
= area bounded by the teat ends before milking.
AREAF
= area bounded by the teat ends after milking.
UH
= udder height to lowest point on udder floor.
UC
= depth of udder cleft.
WH
= wither height.
CUC
= coefficient of udder collapsability.
CUE
= coefficient of udder expandability.
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TABLE 25.
Partial regression coefficients (b), standard
partial regression coefficients (b') and probability
values for days of discarded milk for milking and
physical traits (model 3).

TRAIT*

MILKPROF
MILKPROL
TWOMIN
PERTWO
MACH
FLOW
AREAB
AREAF
UH
UC
WH
CUC
CUE

b

0. 198
-0.172
0.124
0.028
1.306
1.567
-0.070
0. 144
-0.532
1. 705
-0.951
36.318
-4.115

b'

RANK

PR > T

0.270
-0.202
0.051
0.037
0.218
0.226
-0.627
0.771
-0.298
0.110
-0.331
0.328
-b.121

(5)
(7)

0.00
0.03
0.82
0. 79
0.07
0.29.
0.01
0.01
0.01
0.25
0.00
0.21
0.56

(6)
(2)
(1)
(4)
(3)

MILKPROF = milk production the first day of episode.
milk production the last, day of episode.
MILKPROL
amount of milk first two minutes of milking.
TWOMIN
= percent of total amount of milk the first two
PERTWO
minutes of milking.
= time required for machine milking.
MACH
= average milk flow rate.
FLOW
= area bounded by the teat ends before milking.
AREAB
=
area bounded by the teat ends after milking.
AREAF
= udder height to lowest point on udder floor.
UH
= depth of udder cleft.
UC
=r wither height.
WH
= coefficient of collapsability.
CUC
= coefficient of expandability.
CUE
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TABLE 26.
Partial regression coefficients (b), standard
partial regression coefficients (b') and probability
values for total number of treatments for milking and
physical traits (model 3).

TRAIT*

MILKPROF
MILKPROL
TWOMIN
PERTWO
MACH
FLOW
AREAB
AREAF
UH
UC
WH
CUC
CUE

b

0. 196
-0.319
-0.012
0.032
2.684
2.922
-0.141
0.265
-0.742
2.392
-1.460
67.711
-7.534

b'

0. 173
-0.242
-0.003
0.027
0.290
0.273
-0.817
0.917
-0.268
0. 100
-0.329
0.395
-0.143

RANK

(7)
(6)
(4)
(2)
(1)
(5)
(3)

PR > T

0.04
0.00
0. 99
0.83
0. 04
0. 17
0.00
0. 00
0.01
0.26
0.00
0. 11
0. 45

* MILKPROF = milk production the first.day of episode.
MILKPROL
milk production the last day of episode.
amount of milk first two minutes of milking.
TWOMIN
percent of total amount of milk the first two
PERTWO
minutes of milking.
= time regired for machine milking.
MACH
= average milk flow rate.
FLOW
=
AREAB
area bounded by the teat ends before milking.
AREAF
area bounded by the teat ends after milking.
udder height to lowest point on udder floor.
UH
= depth of udder cleft.
UC
= wither height.
WH
= coefficient of collapsability.
CUC
= coefficient of expandability.
CUE
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III.

RELATIONSHIPS OF SUBJECTIVE TYPE TRAITS TO LENGTH

OF EPISODE AND NUMBER OF TREATMENTS FOR MASTITIS IN
SINGLE AND MULTIPLE TRAIT LINES O F HOLSTEIN CATTLE.

Physical characteristics of the udder and teats have
been shown to be related to economically important traits
of dairy cattle (45,95).

In general,

nonpendulous udders

have been found to be less susceptible to mastitis
(63,138).

Reports on desired teat size and shape are

conflicting.

Some studies have found that cows with

funnel-shaped teats h ad lower frequencies of mastitis
(45,113), while others found no significant influence
(102,128).

No information on the influence of these

traits on duration of clinical episodes was found.
In this study,

subjective udder classification

scores were used to investigate the importance of these
traits on

total quarter days of clinical episode

(TOQTDAY),

days of discarded milk because of antibiotic

treatment

(DISDAY) and total number of treatments applied

(TONUMTRT).

Subjective udder classification traits

studied were fore udder attachment
attachment

(FUDDER),

(RUDDER), udder support (USUPPORT)

rear udder
and teat

size and shape (TEAT).
Tables 27 through 29 present results from the leastsquares analysis of variance for TOQTDAYS,
TONUMTRT.

Shown are udder classification

DISDAY and
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TABLE 27.
Degrees of freedom, sums of squares and
probability values for subjective classification type
traits (model 4) for total quarter days.

SOURCE*

FUDDER
RUDDER
USUPPORT
TEAT
RESIDUAL

* FUDDER
RUDDER
USUPPORT
TEAT

D.F.

4
4
4
4
158

= fore
= rear
= udder
= teat

SUM OF SQ.

PR > F

570.99
187.34
104.98
196.42
9638.78

0.15
0.55
0.79
0.52

udder classification score.
udder classification score.
support classification score.
size and shape classification score.

TABLE 28.
Degrees of freedom, sums of squares and
probability values for subjective classification type
traits (model 4) for days of discarded milk.

SOURCE*

FUDDER
RUDDER
USUPPORT
TEAT
RESIDUAL
* FUDDER
RUDDER
USUPPORT
TEAT

D.F

4
4
4
4
158
= fore
= rear
= udder
= teat

SUM OF SQ.

611.42
313.21
56.22
552.93
16631.47

PR > :
0.22
0.56
0.97
0.27

udder classification score.
udder classification score.
support classification score.
size and shape classification score.
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TABLE 29.
Degrees of freedom, sums of squares and
probability values for subjective classification type
traits (model 4) for total number of treatments applied.

SOURCE*

FUDDER
RUDDER
USUPPORT
TEAT
RESIDUAL
“ FUDDER
RUDDER
USUPPORT
TEAT

D.F.

4
4
4
4
158

= fore
= rear
= udder
= teat

SUM OF SQ.

714.35
412.57
128.58
287.47
17066.23

PR > T

0.15
0.43’
0.88
0. 62

udder classification score.
udder classification score.
support classification score.
size and shape classification score.
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traits included in model 4.
were explained in section II.

Other effects in the model
Results indicated that

udder classification traits had no effect .on TOQTDAY,
DISDAY or TONUMTRT.

Previous research (128,129) es

tablished significant associations between subjective
udder type traits and resistance to infection, however
this study did not find these traits to affect the
duration of the clinical episode.
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IV.

FACTORS RELATED TO THE AMOUNT OF DISCARDED MILK DUE
TO MASTITIS AND SUBSEQUENT ECONOMIC LOSSES IN SINGLE
AND MULTIPLE TRAIT SELECTED LINES OF HOLSTEIN CATTLE

Major losses due to mastitis have been divided into
several categories:

1) realized (clinical)

(subclinical) reduced milk production;

and unrealized

2) discarded milk

due to antibiotic treatment or abnormal milk composition;
3) costs of veterinary services;

4) costs of drugs used

to treat infected animals; 5) costs of increased labor;
6) decreased sale value of cows and 7) increased herd 1
replacement costs (3,7).

Milk from cows treated with

antibiotics is usually discarded or fed to calves.

To

the dairy producer, milk discarded translates into
unrealized or lost profit.

Morse et al.

(82) stated that

ranking of cows within a herd should be based on milk
sold rather than milk produced.
Table 30 contains results from the least squares
analysis of variance for amount, of discarded milk
(DISMILK).

Breeding line (LINE) was an important source

of variation in the model

(P<.05).

Least squares means

for this effect are presented in Figure 28.

Means and

standard errors are given in Appendix Table 28.

Esti

mates ST and MT lines where 360.81 kg and 250.99 kg,
respectively.

This represented a difference of 110 kg

more milk discarded for the ST line (P<.05).
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TABLE 30.
Degrees of freedom, sums of squares and
probability values for sources of variation (model 5) for
amount of discarded milk.

D.F

SOURCE"

1
3
3
5
5
11

LINE
GEN
LINE X GEN
PARITY
INFNO
INFDAMO
INFDAYR
CALVMO
sees
MILK
FAT
PERFAT
TWOMIN
MACH
FLOW
AREAB
AREAF
UH
WH
RESIDUAL
LINE
GEN
LINExGEN
PARITY
INFNO
INFDAMO
INFDAYR
CALVMO

sees
MILK
FAT
PERFAT
TWOMIN
MACH
FLOW
AREAB
AREAF
UH
WH

11
1
1
1
1
1
1
1
1
1
190
=
rr
=
=
=
=
—

=
=
=
=
=
=
=
=
=
=
=
=

SUM OF SQ.

818254.57
610667.66
3149543.81
1720281.38
2920937.72
6662617.83
9396089.22
1709229.29
5036046.22
189073.17
17976.18
31871.07
107042.75
7980^9.90
75940.90
1282828.13
2131460.74
2197286.61
2828654.07
45510383.48

PR > F
0.05
0.47
0.00
0.21
0.04
0.00
0.00
0.79
0.02
0.38
0.78
0.72
0.50
0.07
0.57
0.02
0.00
0.00
0.00

breeding line (ST, MT).
g en er at io n .
line by generation interaction.
lactation number.
number of clinical episode.
month of clinical episode.
year of clinical episode.
month of calving.
somatic cell count score.
actual milk production.
actual fat production.
actual percent fat.
amount of milk first two minutes of milking.
time required for machine milking.
average milk flow rate.
area bounded by the teat ends before milking.
area bounded by the teat ends after milking.
udder height to lowest point on udder floor.
wither height.
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As established before,

the ST line averaged 323 kg more

milk for the whole lactation than the MT line.

Since

milk sold rather than milk produced should be used to
rank perforfance (82), the amount of milk discarded
should be substracted from the total production for the
lactation.

Therefore,

if we substract 110 kg from 323

kg, the difference between the ST and MT lines is now 213
kg.

Other costs associated with mastitis should also be

deducted from this total for a more accurate ranking of
individual and herd performance.

Cost associated with

discarded milk at a milk price of 22 cents/kg were
approximately $79 for the ST line and $55 for the MT
line,

a difference of $24.

Miller et al.

(77) did not

find significant differences in the amount of discarded
milk from ST and MT cows.
Generation did not significantly affect DISMILK.
Least squares means by generation are shown in Figure 29.
Means and standard errors are in Appendix Table 29.
There was a trend for incresed DISMILK with each suscessive generation.

Estimates ranged from 225.13 kg in the

first generation to 350.81 kg in the third generation.
The interaction of LINE by GEN was highly significant
(P<.01).

Figure 30 illustrates the least-squares means

for this interaction.

Appendix Table 30 contains the

means and standard errors.

Amount of discarded milk for

the ST line tended to increase with
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generation. Differences in DISMILK between the two lines
became larger accross generations.

This difference

ranged from 80.69 kg in generation 1 to 292.56 kg in
generation 3.

Dollar losses because of discarded milk

were $18,

$64 and $52 higher for the ST line,

$45,

respectively for generations 1 to 4.
Parity effects were not significant for DISMILK.
Least squares means for DISMILK by parity are represented
in Figure 31.

Means and standard errors are given in

Appendix Table 31.

Amount of discarded milk increased

slightly with added parities,

however differences between

the means were not significant.
Morse et al.
DISMILK.

Miller et al.

(77) and

(82) found parity to significally affect

Preliminary analysis found the LINE by PARITY

interaction to be nonsignificant and therefore it was not
included in the final model.
Number of clinical episode (INFNO) was a significant
source of variation for DISMILK (P<.05).

Least squares

means for this effect are presented in Figure 32.
Appendix Table 32 contains the means and standard errors.
Amount of discarded milk increased as INFNO increased.
Estimates ranged from 205 kg for cows first clinical
episode to 430 kg for cows fifth clinical episode during
a lactation (significantly different at P<.01).
Month (INFDAMO) and year (INFDAYR) of clinical
episode were highly significant sources of variation for
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DISMILK (P<.01).

Least squares means for INFDAMO are

illustrated in Figure 33.
in Appendix Table 33.

Means and standard errors are

Distribution of DISMILK through
►

the year was erratic and did not follow a particular
pattern.

Largest amount of milk discarded corresponded

to the month of March (534.52 kg).

Less milk was

discarded in the month of October (170.20 kg).

Calving

month was not a significant source of variation for
DISMILK.
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Significant milking and physical traits included in
the model were MACH (P<.10), AREAB (P<.05), AREAF, UH and
WH, all at P<.01.

Partial and standard partial regres-

sion coefficients for DISMILK for milking and physical
traits are given in Table 34.

Ranking of these effects

in order of contribution to variation in the model was:
1) AREAF,

2) AREAB,

3) UH, 4) WH and 5) MACH.

The sign

of the regression coefficients indicated negative
associations of DISMILK with AREAB, UH and WH. Positive
associations with AREAF and MACH were observed.

For

.

every cm2 increase in AREAF there was an associated 3.8
kg increase in DISMILK.

Slower milking cows tended to

have more milk discarded than faster milking cows.

This

is a direct result of the significantly longer episode
duration for those cows that tend to be slower milkers as
established in section (II) of this study.
hand,

On the other

for every cm2 increase in AREAB there was a

corresponding 0.81 kg decrease in DISMILK.
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TABLE 31.
Partial regression coefficients (b), standard
partial regression coefficients (b') and probability
values of amount of discarded milk in kg (DISMILK) for
mi Iking and physical traits.

TRAIT*

b

b'

TWOMIN
MACH
FLOW
AREAB
AREAF
UH
WH

5.720
0.989
7.114
-0.813
1.692
-11.920
-18.053

0.050
0.466
0.049
-0.763
0.982
-0.703
-0.663

* TWOMIN
MACH
FLOW
AREAB
AREAF
UH
WH

RANK

(5)
(2)
(1)
(3)
(4)

PR > T

0.50
0.07
0.57
0.02
0.00
0.00
0.00

= amount of milk first two minutes of milking.
= time required for machine milking.
average of milk flow rate.
= area bounded by the teat ends before milking
= area bounded by the teat ends after milking.
= udder
height to lowest point on udder floor.
=
wither
height.

SUMMARY AND CONCLUSIONS

The objectives of this study were to compare cows
diagnosed as having clinical mastitis from two sire
selection lines in order to assess differences in 1)
somatic cell count score to infection and 2) the duration
of the episode and the number of treatments applied.

The

effect of various environmental factors and type traits
on milk somatic cell count score and duration of episode
was investigated.

Amount and cost of discarded milk due

to antibiotic treatment was calculated from the results.
Data used in the analyses consisted of observations
on cows diagnosed as clinically infected with mastitis at
least once during a lactation.

Sire selection lines were

single trait (ST) and multiple trait (MT).

Single trait

sires were selected based on predicted difference (PD)
for milk production alone (PDM).

Multiple trait sires

were selected based on PDM, predicted difference for fat
(PDF) and predicted difference for final type score
(P D T ).
Production traits analyzed were actual milk produc
tion (MILK),
(MEMILK),

305-day mature equivalent milk production

actual fat production

(FAT),

eqivalent fat production (MEFAT),
(PERFAT),

305-day mature

actual fat percent

305-day mature equivalent percent fat (MEFAT-
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PER), milk production the first day of clinical mastitis
episode (MILKPROF), milk production the last day of
clinical mastitis episode

(MILKPROL)

and amount of milk

discarded because of treatment with antibiotics (DISMILK).

Mastitis traits were milk somatic cell count

score (SCCS),

total quarter days treated (TOQTDAY),

days of discarded milk (DISDAY).

and

Milking traits were

amount of milk the first two minutes of milking (TWOMIN),
percent of total amount of milk the first two minutes of
milking (PERTWO),

average rate of milk flow (FLOW) and

time required for machine milking (MACH).

Physical

traits were area bounded by the teat ends before milking
(AREAB),

area bounded by the teat ends after milking

(AREAF), udder height to lowest point on udder floor
(UH), depth of udder cleft (UC), wither height (WH),
coefficient of udder collapsability (CUC) and coefficient
of udder expandability (CUE).

Subjective type traits

were fore udder classification scdre
classification score
tion score (USUPPORT)

(RUDDER),

(FUDDER),

rear udder

udder support classifica

and teat size and shape classifica

tion score (TEAT).
Multiple regression models were used to investigate
the relationships between dependent variables SCCS,
TOQTDAY, DISDAY, TONUMTRT and DISMILK and the other
traits.

Traits were chosen for analysis based on

phenotypic correlations.
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Differences between the ST and MT lines for MEMILK,
MEFAT and MEFATPER in the mastitis data set were similar
to those for all records.

Single trait cows were

significatly higher for MEMILK but MT cows were superior
for MEFATPER.

Differences for MEFAT were not sig

nificant .
Single trait cows had significantly lower SCCS, had
longer clinical episodes and received more antibiotic
treatments than MT cows.
with generation.

These differences increased

The ST line experienced a significant

decrease in SCCS accross generations and a significant
increase in TOQTDAY, DISDAY and TONUMTRT.

Changes in the

MT line were not significant, however a slight decrease
in days treated and number of treatments was observed.
These results imply that the ST line may have weakened in
its response to infection.

Lower SCCS in the ST line

seem to be related to longer infections and higher number
of antibiotic treatments.

Higher selection pressure for

milk production appears to have had a deppressing effect
on the animal's ability to recuperate from mastitis.
The effects of parity and number of clinical
episodes were important for TOQTDAY, DISDAY and TONUMTRT
but not for SCCS.

In general,

duration of episode increased.

as parity increased,
Older animals and those

animals which had previous infections seemed to have
decreased their disease fighting ability.
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Results indicated that slower milking cows tended to
have significantly lower SCCS,

longer episodes and

received more antibiotic treatments.

This may be related

to an increased chance for overmilking and therefore
increased injury to the teat and mammary tissue.

Cows

with larger perimeter between the teats before milking
had shorter episodes and less treatments while larger
perimeters between the teats after milking were as
sociated with longer episodes and more antibiotic
treatments.

Cows with larger udder perimeters after

.

milking may have excess milk left in the udder and tend
to have more scar tissue and therefore,

infections may be

harder to eliminate.
Taller cows,
episodes.

and cows with higher udders had shorter

This may be a result of the fact that taller

cows with udders that are set higher tend to suffer less
tissue injuries.

Subjective udder classification scores

did not influence TOQTDAY, DISDAY or TONUMTRT.
Amount of milk discarded because of treatment with
antibiotics was significantly higher for the ST line.
The ST line had significantly higher milk yield than the
MT line.

However,

this difference would be reduced in

economic value when increased costs associated with
higher DISMILK for the ST line are substracted from the
total production for the lactation.

Differences per

sisted and increased across generations.

Amount of
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discarded milk was negativaly associated with AREAB, UH
and WH and positively associated with AREAF and MACH.

As

AREAB, UH and WH increased, DISMILK decreased.
Superiority of the ST line over the MT line for milk
production should be weighted against the apparent
negative effect on mastitis traits.

Consideration of

some of these traits in selection and culling decisions
may be important in the future.
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APPENDIX TABLE 1.
Least squares means and standard errors
for somatic cell count score by line.

LINE

LEAST S Q. MEAN

STD. ERR.

Single Trait

1.71

0.35

Multiple Trait

4.86

0.41

APPENDIX TABLE 2.
Least squares means and standard errors
for somatic cell count score by generation (GEN).

GEN

LEAST SQ. MEAN

STD. ERR

1

3 .44

0.40

2

3 .18

0.33

3

3.03

0.46

4

3.74

0.58
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APPENDIX TABLE 3.
Least squares means (LSM) and standard
errors (SE) for somatic cell counts score by line and
generation (GEN).

LINE
Single Trait
GEN

LSM

Multiple Trait

SE

LSM

SE

1

2.84

0.49

4.17

0.47

2

1.33

0.37

4.91

0.38

3

1.43

0.45

4.37

0.62

4

1.25

0 .60

5.98

0.86

APPENDIX TABLE 4.
Least squares means and standard errors
for somatic cell count score by parity.

PARITY

LEAST SQ. MEAN

STD. ERR

1

3 .56

0.40

2

3 .46

0.40

3

3 .69

0.45

4

2 .79

0.49

5

3 .00

0.45

6

3.20

0.59
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APPENDIX TABLE 5.
Least squares means and standard errors
for somatic cell count score by number of clinical
mastitis episode (INFNO).

INFNO

LEAST SQ. MEAN

STD. ERR

1

3.41

0.31

2

3.17

0.35

3

3.23

0.46

4

3.32

0.52

5

2 .72

0.58

6

3.81

0.82

APPENDIX TABLE 6.
Least squares means and standard errors
for somatic cell count score by month.of clinical mastitis
episode (INFDAMO).

INFDAM0

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP.
OCT
NOV
DEC

LEAST SQ. MEAN

2.93
2.94
2.25
3.09
3.87
2.87
2.96
3 .26
4.03
3.45
3.39
4.35

STD. ERR
0.50
0.57
0.49
0.50
0.53
0.52
0.48
0.45
0.56
0.56
0.49
0.63
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APPENDIX TABLE 7.
Least squares means and standard errors
for somatic cell count score by month of calving (CALVMO).

CALVMO

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

LEAST SQ. MEAN

3.54
3.52
3.19
1.11
4. 66
4.35
2.75
3.76
3.34
3.47
2.77
2 .94

S T D . ERR

0.39
0.45
0.52
1.29
1.39
1.74
0.86
0. 63
0.46
0.35
0.35
0.42

APPENDIX TABLE 8.
Least squares means and standard errors
for total quarter days treated by line.

LINE

Single Trait
Multiple Trait

LEAST SQ. MEAN

STD. ERR

15.95

3 .29

6 .14

2.35
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APPENDIX TABLE 9.
Least squares means and standard errors
for days of discarded milk by line.

LINE

Single Trait
Multiple Trait

LEAST SQ. MEAN

•

STD. ERR

16. 70

3.21

7.80

3.28

APPENDIX TABLE 10.
Least squares means and standard
errors for total number of treatments applied by line.

LINE

LEAST SQ. MEAN

STD. ERR

Single Trait

24. 58

4. 62

Multiple Trait

13 .44

4.71
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APPENDIX TABLE 11.
Least squares means (LSM) and standard
errors (SE) for total rear quarter days (REQTDAY) and
total front quarter days (FRQTDAY) by line.

REOTDAY

•

FROTDAY

LINE

LSM

STD. ERR

LSM

STD. ERR

Single Trait

8.32

1.86

7.63

2.68

Multiple Trait

2 .55

1.89

5.58

2 .74

APPENDIX TABLE 12.
Least squares means (LSM) and standard
errors (SE) for total number of rear treatments (RENUMTRT)
and total number of front treatments (FRNUMTRT) by line.

RENUMTRT
LINE

Single Trait
Multiple Trait

FRNUMTRT

LSM

STD. ERR

LSM

STD. ERR

12.72

2 .93

11.86

3.76

4.05

2.99

9 .39

3 .84
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APPENDIX TABLE 13.
Least squares means and standard
errors for total quarter days treated by generation (GEN).

GEN

LEAST SQ. MEAN

.

STD. ERR

1

9. 11

3.02

2

12.06

3.08

3

12.45

3.83

4

12.56

4.29

APPENDIX TABLE 14.
Least squares means and standard
errors for days of discarded milk by generation (GEN).

GEN

LEAST SQ. MEAN

STD. ERR

1

11.05

2.95

2

12.34

3.02

3

14.07

3.74

4

11.53

4.19
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APPENDIX TABLE 15.
Least squares means and standard
errors for total number of treatments applied by
generation (GEN).

GEN

LEAST SQ. MEAN

STD. ERR

1

14.14

4.24

2

20.40

4.34

3

19.88

5.38

4

21.63

6.03

APPENDIX TABLE 16.
Least squares means (LSM) and standard
errors (SE) for total quarter days treated by line and
generation (GEN).

LINE
Single Trait

Multiple Trait
LSM

SE

LSM

SE

1

11.27

3 .25

6.94

3.51

2

17.63

3 .65

6.49

3.17

3

21.24

4.09

3.65

4.34

4

18. 67

4. 71

11.46

5.61

GEN

186
APPENDIX TABLE 17.
Least squares means (LSM) and standard
errors (SE) for days of discarded milk by line and
generation (GEN).

LINE
Single Trait

Multiple Trait

LSM

SE

LSM

SE

1

12.78

3.17

9.32

3.43

2

17.65

3.56

7.03

3.09

3

22.90

3.99

5.24

4.24

4

18.46

4. 61

9.61

5.48

GEN

APPENDIX TABLE 18.
Least squares me.ans (LSM) and standard
errors (SE) for total number of treatments applied by line
and generation (GEN).

LINE
Single Trait
GEN

Multiple Trait

LSM

SE

LSM

SE

1

16. 62

4.56

1 1 .66

4.93

2

27.07

5.13

13.74

4.45

3

33.34

5.75

6.41

3. 10

4

31.31

6.63

11.96

5.88
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APPENDIX TABLE 19.
Least squares means and standard
errors for total quarter days treated by parity.

PARITY

LEAST SQ. MEAN

S T D . ERR

1

7.14

3.14

2

1 1 .18

3.15

3

12.45

3.43

4

8.84

3 .92

5

13.84

3.82

6

15.82

4.88

Least squares means and standard
APPENDIX TABLE 20.
errors for days of discarded milk by parity.

PARITY

LEAST SQ. MEAN

STD. ERR

1

8 .16

3.07

2

14. 68

3.08

3

12.87

3.36

4

9. 75

3.83

5

15.86

3.74

6

12.18

4. 77
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APPENDIX TABLE 21.
Least squares means and standard
errors for total number of treatments applied by parity.

PARITY

LEAST SQ. MEAN

S T D . ERR

1

12.78

4.41

2

18.18

4.42

3

21.05

4.83

4

15.93

5.51

5

19.51

5.37

6

26. 63

6.87

APPENDIX TABLE 22.
Least squares means and standard
errors for total quarter days treated by number of
clinical mastitis episode (INFNO).

INFNO

LEAST SQ. MEAN

STD. ERR

1

7.82

2.65

2

10.87

3 .60

15.49

4. 12

4

14.52

4.49

5

14. 13

4. 72

6

14.43

5.47

3

•
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APPENDIX TABLE 23.
Least squares means and standard
errors for days of discarded milk by number of clinical
mastitis episode (INFNO).

INFNO

LEAST SQ. MEAN

STD. ERR

1

7.78

2 .59

2

11.74

2.94

3

13 .99

4.03

4

16.72

4.34

5

14.09

4.62

6

14.17

5.32

APPENDIX TABLE 24.
Least squares means and standard
errors for total number of treatments applied by number of
clinical mastitis episode (INFNO).

INFNO

LEAST SQ. MEAN

STD. ERR

1

12.07

3 .73

2

18.08

4.22

3

24. 16

5.79

4

24.83

6.31

5

21.76

6 .64

6

19. 18

7. 10
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APPENDIX TABLE 25.
Least squares means and standard
errors for total quarter days treated by month of clinical
mastitis episode (INFDAMO).

INFDAMO

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

LEAST SQ. MEAN

10.42
6.93
18.97
8.61
16.49
7.37
10.15
10.35
16.36
12.35
13 .96
6.58

STD. ERR

4.12
4.15
4.02
3.88
4.24
4.21
3.73
3.46
3 .97
4/15
3.63
4. 60

Least squares means and standard
APPENDIX TABLE 26.
errors for days of discarded milk by month of clinical
mastits episode (INFDAMO).

INFDAMO

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

LEAST SQ. MEAN

12.71
8.42
16. 71
10.89
16.29
8.38
12.75
10.76
17.34
12 .92
12.79
7.02

S T D . ERR

4.03
4.05
3 .93
3.79
4.14
4.12
3.63
3 .38
3 .88
4.06
3.55
4.49
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APPENDIX TABLE 27.
Least squares means and standard
errors for total number of treatments applied by month of
clinical mastitis episode (INFDAMO).

INFDAMO

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

LEAST SQ. MEAN

16.23
11.96
30.10
15.75
29.30
12.94
15. 62
16.19
23.98
22.78
22 .49
10.83

STD.ERR

5.79
5.83
5.65
5.46
5.96
5.92
5.24
4.86
5.58
5.84
5.11
6.46

APPENDIX TABLE 28.
Least squares means and standard
errors for amount of discarded milk in kg by breeding
line.

LINE

LEAST SQ. MEAN

STD. ERR

Single Trait

360.81

70.96

Multiple Trait

250.99

71.94
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APPENDIX TABLE 29.
Least squares means and standard
errors for amount of discarded milk in kg by generation
(GEN).

GEN

LEAST SQ. MEANS

‘

STD. ERR

1

226.13

74.13

2

328.84

64.75

3

350.81

85.00

4

317.83

89.44

APPENDIX TABLE 30.
Least squares means (LSM) and standard
errors (SE) for amount of discarded milk in kg by line and
generation (GEN).

LINE
Single Trait
GEN

LSM

SE

Multiple Trait
LSM

SE

1

185.64

91.80

266.63

80. 79

2

432.35

82.35

225.32

69.72

3

497.08

91.18

204.52

98.82

4

478.18

100.08

240.49

120.77
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APPENDIX TABLE 31.
Least squares means and standard
errors for amount of discarded milk in kg by parity.

PARITY

LEAST SQ. MEAN

*

STD. ERR

1

219.82

69.64

2

320.13

64.64

3

349.37

75.58

4

302.64

106.53

5

396.25

84.32

6

347.20

121.-80

APPENDIX TABLE 32.
Least squares means and standard
errors for amount of discarded milk by number of clinical
mastitis episode (INFNO).

INFNO

LEAST SQ. MEANS

STD. ERR

1

201.93

52 .35

2

272.51

60.05

3

373.93

89.05

4

351.33

97.22

5

430.24

101.08

6

405.47

137.68
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APPENDIX TABLE 33.
Least squares means and standard
errors for amount of discarded milk in kg by month of
clinical mastitis episode (INFDAMO).

INFDAMO

LEAST SQ. MEAN

STD. ERR

JAN

298.87

89.40

FEB

190.01

87.13

MAR

534.52

85.67

APR

277.43

78.55

MAY

476.92

105.18

JUN

371.63

102.30

JUL

250.34

80.45

AUG

232.95

72 .31

SEP

306.37

92.70

OCT

170.20

98.50

NOV

271.82

84.09

DEC

289.74

111.03
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